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DIVISION  II.  OF  BOOK  II.  continued. 


Genus  VII.    Salts  of  Iron. 


The  compounds  which  the  acids  form  with  the  oxides  Chap.  III. 
of  iron  were  formerly  distinguished  in  chemistry  by  " 
the  epithet  martialy  because  Mars  was  the  title  given 
by  the  alchymists  to  iron.  The  most  important  of 
these  salts  have  been  long  known.  No  metal  attracts 
oxygen  and  combines  with  acids  with  more  facility  than 
iron  ;  many  of  its  salts  therefore  are  found  ready  form- 
ed, or  at  least  are  often  formed  during  the  multiplicity 
of  operations  to  which  this  very  useful  metal  is  expo- 
sed. Some  of  these  salts  have  been  long  of  great  im- 
portance in  manufactures.  They  form  the  basis  of 
writing  ink  and  of  the  black  dye,  and  are  employed 
also  to  communicate  several  other  colours  to  cloth. 

Iron  is  capable  of  combining  with  two  doses  of  oxy- 
gen, and  several  of  the  acids  unite  with  each  of  its 
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Book  IL    oxides.    There  are  therefore  two  sets  of  salts  wKich 

Division  II.  •  •        t.    i-i  i 

»_.y_^  nave  iron  lor  their  basis  ;  one  set  containing  the  black. 

oxide,  the  other  the  red.  The  last  of  these  sets  was 
scarcely  attended  to  by  chemists,  till  Mr  Proust  pub- 
blished  his  Researches  on  Prussian  Blue  in  1797  ;  in 
which  he  described  the  properties  of  the  salt  composed 
of  the  red  oxide  of  iron  and  sulphuric  acid ;  which, 
according  to  the  rule  formerly  laid  down,  I  shall  call 
oxy-sulphat  of  irou.  Since  that  time  Mr  Davy  has  as- 
certained the  existence  of  several  more  of  these  salts. 

The  salts  of  iron  may  be  distinguished  by  the  fol- 
lowing properties  : 

Characters.  They  are  almost  all  soluble  in  water  ;  and  in  ge- 

neral the  solution  has  a  greenish  or  yellowish  red  co- 
lour, and  an  astrinofent  taste. 

2.  The  triple  prusoiats  occasion  in  these  solutions  a 
precipitate  of  a  deep  blue,  or  at  least  which  acquires 
that  colour  on  exposure  to  the  atmosphere, 

3 .  Hydro-sulphuret  of  potass  occasions  a  black  pre- 
cipitate. 

4.  Sulphurated  hydrogen  renders  the  solution  nearly 
colourless,  but  occasions  no  precipitate. 

5.  Gallic  acid,  or  the  infusion  of  nutgalls,  occasions  a 
black  or  purple  precipitate,  at  least  if  the  solution  has 
been  for  some  time  exposed  to  the  air. 

Sp,  1.    Sulphated  Iron. 

Concentrated  sulphuric  acid  acts  but  very  slowly 
upon  iron,  unless  it  be  assisted  by  heat.  In  that  case 
the  metal  is  oxidated,  and  sulphurouf  acid  gas  exhaled. 
-But  diluted  sulphuric  acid  dissolves  iron  with  great  ra- 
pidity, and  abundance  of  hydrogen  gas  is  emitted.  In 
this  case  the  water  is  decomposed  ;  its  oxygen  com- 
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bines  with  the  iron,  while  its  hydrogen  is  emitted.  The  Chap.  IIL 
solution  has  a  green  colour,  and  when  evaporated  im- 
mediately, yields  crystals  oi  iulphat  of  iron;  but  if  al- 
lowed to  remain  exposed  to  the  atmosphere,  it  gradu- 
ally attracts  more  oxygen,  and  is  converted  into  oxy- 
sulphat,  unless  it  contains  an  excess  of  acid  ;  which  re- 
tards, and  when  sufficiently  abundant,  prevents  the 
change. 

I.  Sulphat  of  iron.  This  salt  was  known  to  the  an-  Prepara- 
cients,  and  is  mentioned  by  Pliny  under  the  names  of 
fnisy,  sory,  and  calchantum* .  In  commerce  it  is  usually 
denominated  green  vitriol  or  copperas.  It  is  not  pre- 
pared by  dissolving  iron  in  sulphuric  acid,  but  by 
moistening  the  sulphurets  of  iron,  which  are  found  na- 
tive in  abundance,  and  exposing  them  to  the  open  air. 
They  are  slowly  covered  with  a  crust  of  sulphat  of  iron, 
which  is  dissolved  in  water,  and  afterwards  obtained  in 
crystals  by  evaporation^  Sometimes  the  salt  is  found 
ready  formed,  either  in  a  state  of  solution  in  water  or" 
mixed  with  decayed  pyrites. 

Sulphat  of  iron  has  a  fine  green  colour.  Its  crystals  Propertie 
are  transparent  rhomboidal  prisms,  the  faces  of  which 
arc  rhombs  with  angles  of  79°  50'  and  100°  10',  in- 
clined to  each  other  at  angles  of  98^  37'  and  81°  23' f. 
It  has  a  very  strong  styptic  taste,  and  always  reddens 
Vegetable  blues.    Its  specific  gravity  is  i-8399:j:. 

It  is  soluble  in  about  two  parts  of  cold  water,  and  in 
^ths  of  its  weight  of  boiling  water.  It  is  insoluble  in  al- 
cohol. When  exposed  to  the  air,  its  surface  gradually 
becomes  opaque,  and  is  covered  with  a  yellow  powderj 


*  Lib.  xxxlv.  c.  la.  t  Hauy,  Jour,  de  Min.  An.  V.  542. 

I  Hassenfratz,  Ann.  de  Chim.  xxviii.  iz. 
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because  it  absorbs  oxygen,  and  is  partially  converted 
into  oxy-sulphat.  This  change  takes  place  much  more 
rapidly  and  completely  if  the  salt  be  moistened  with 
water.  The  cause  of  these  phenomena  was  first  ex- 
plained by  Scheele. 

When  heated  it  melts,  gradually  loses  its  water  of 
crystallization,  and  by  a  strong  heat  sulphurous  acid  is 
driven  ofF,  and  there  remains  behind  a  red  powder,  for- 
merly known  by  the  name  of  colcothar  of  vitriol^  which 
seems  to  be  a  mixture  of  brown  oxide  of  iron  and  oxy- 
sulphat.  When  this  salt  is  distilled,  there  comes  over 
first  water  slightly  acidulated  with  sulphuric  acid,  and 
afterwards  a  very  strong  fuming  acid,  formerly  known 
by  the  name  of  glacial  oil  of  vitriol,  and  which  is  now 
known  to  be  a  compound  of  sulphuric  and  sulphurous 
acids.  The  residuum  is  the  same  mixture  of  oxide  and 
oxy-sulphat  which  is  obtained  by  calcination  in  the 
open  fire.  This  decomposition,  which  sulphat  of  iron 
undergoes  when  heated,  enables  it  in  many  cases,  in  a 
high  temperature,  to  act  nearly  the  same  part  as  sul- 
phuric acid.  Hence  it  is  often  employed  by  manufac- 
turers to  disengage  the  weaker  acids  from  their  bases. 
This  salt,  according  to  Bergman,  is  composed  of 

39  acid 

23  oxide 

38  water 


100 


♦  Opusc.  i.  137. 
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According  to  Kirwan,  of  26  acid 

28  oxide 

8  water  of  composition 
38  water  of  crystallization 

100  * 

It  cannot  be  doubted,  I  think,  that  the  black  oxide  of 
iron  is  capable  of  combining  intimately  with  water,  and 
of  forming  a  hydrate  as  well  as  the  oxide  of  copper. 
The  colour  of  this  hydrat  is  green;  hence  the  reason 
that  the  black  oxide  of  iron,  when  precipitated  from 
acids  by  means  of  alkalies,  has  a  green  colour.  It  is  in 
the  state  of  hydrat.  "When  the  water  is  driven  off  by 
heat,  the  oxide  assumes  its  natural  black  colour.  The 
oxide,  which  constitutes  a  part  of  the  sulphat  of  iron,  is 
also  combined  with  water,  and  in  the  state  of  a  hydrat. 
Mr  Kirwan,  therefore,  has,  with  great  propriety,  distin- 
guished between  the  water  of  crystallization  and  that 
part  which  is  a  necessary  constituent  of  the  salt. 

The  sulphat  of  iron  is  decomposed  by  the  alkaline 
phosphats  and  borats,  and  by  the  greater  number  of 
those  salts  whose  base  forms  an  insoluble  compound 
with  the  sulphuric  acid,  as  nitrat  of  silver,  of  lead,  of 
barytes,  &:c. 

2.  Oxy-sulphat  of  iron.  This  salt  exists  ready  formed 
in  what  is  called  the  mother  water  of  vitriol y  or  the 
brown  liquid  which  remains  after  all  the  sulphat  of  iron 
has  been  extracted  by  crystallization  from  those  waters 
which  contain  it.  The  properties  of  this  salt  were  first 
accurately  described  by  Mr  Proust.  It  may  be  formed  by 
exposing  the  solution  of  sulphat  of  iron  to  the  open  air 
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*  On  Mineral  Waters,  Tabic  iv. 
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Book II.    for  some  time,  or  by  pouring  into  it  nitric  acid,  and  ap- 

Dlvision  II.         ,  '         J  r  b  '  r 

>— Y— '  Paying  heat  *. 

This  salt  has  a  red  colour.  It  does  not  afford  crystals; 
and  when  evaporated  to  dryness,  soon  attracts  moisture, 
and  becomes  again  liquid.  It  is  exceedingly  soluble  in 
water,  and  also  in  alcohol.  By  this  last  liquid  it  may 
be  separated  from  the  sulphat  of  iron,  with  which  it  is 
always  mixed  in  the  vitriol  of  commerce.  When  ex- 
posed to  the  air,  it  gradually  deposites  red  oxide,  or  ra- 
ther oxy- sulphat  with  excess  of  base. 
Howchan-  A  great  number  of  substances  have  the  property  of 
wi^hat"  depriving  this  salt  of  its  excess  of  oxygen,  and  of  con- 
verting it  into -sulphat  of  iron.  This  is  the  case 
with  iron.  When  the  solution  of  oxy-sulphat  is  mix- 
ed with  iron-filings,  and  kept  for  some  time  in  a 
well-covered  vessel,  part  of  the  iron  is  dissolved  by 
abstracting  the  second  dose  of  oxygen  from  the  oxic»e, 
and  the  whole  is  converted  into  sulphat.  The  same 
change  is  produced  by  tin,  and  probably  also  by  all 
the  salts  of  tin  which  contain  that  metal  combined 
with  a  minimum  of  oxygen.  Sulphurated  hydrogen 
produces  that  change  instantaneously  when  made  to 
pass  through  a  solution  of  oxy-sulphat  *.  That  gas  has 
the  property  of  reducing  the  oxides  of  iron  to  a  mini- 
mum of  oxygen  ;  but  it  does  not  bring  them  to  the  me- 
tallic state.  Hence  the  reason  that  it  does  not  preci- 
pitate iron  from  its  solution  in  acids. 

On  the  other  hand,  all  those  bodies  which  part  with 
oxygen  very  readily,  convert  the  sulphat  of  iron  into 


*  During  this  change  a  quantity  of  ammonia  is  also  formed  Hence 
not  only  the  nitric  acid  but  some  water  also  is  decomposed. — Sec  Davy's 
Researches,  p.  IJ7. 
f  J'roust,  Ann,de  Cliim,  sxiii,  aj. 
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exy-sulphat.    Hence  this  change  is  produced  by  the    Chap,  iii.^ 
nitric  and  oxy-muriatic  acids,  by  the  oxy-muriats,  the 
muriat  of  gold,  &c. 

The  solution  of  sulphat  of  iron  has  the  property  of  AbsorptioH 
absorbing  a  great  quantity  of  nitrous  gas,  and.  at  the  gas"'*^™"^ 
same  time  it  acquires  a  yellowish  colour.  When  this  so- 
lution is  heated  without  being  exposed  to  the  air,  the 
greatest  part  of  the  nitrous  gas  is  driven  off  unchanged  ; 
but  a  small  portion  of  it  is  decomposed,  a  little  red 
oxide  of  iron  is  precipitated,  and  some  ammonia  formed, 
owing  to  the  decomposition  of  a  little  of  the  water  of 
the  solution,  and  the  combination  of  its  hydrogen  with 
the  azot  of  the  nitrous  gas.  From  the  experiments  of 
Mr  Davy,  it  appears  that  910  parts  of  a  solution  of  sul- 
phat of  iron',  of  the  specific  gravity  1.4,  absorb  5.7a 
parts  of  nitrous  gas;  4.28  of  these  are  emitted  unal- 
tered on  the  application  of  heat,  and  1.44  are  decom- 
posed. This  ingenious  gentleman  calculates  that  i  part 
of  water  was  also  decomposed  ;  that  the  oxygen  fur- 
nished by  these  two  bddies  amounted  to  1.65,  and  that 
it  combined  with  4.1  parts  of  black  oxide,  and  occa- 
sioned the  precipitation  of  5.75  parts  of  brown  oxide, 
which  was  doubtless  in  the  state  of  oxy  sulphat,  with 
excess  of  base.  Hence  the  ammonia  formed  must 
have  amounted  to  about  ©.8  *.  The  oxy-sulphat  of 
iron  has  not  the  property  of  absorbing  nitrous  gas  f . 

i 

Sp.  2.    Sulphite  of  Iron, 

Sulphurous  acid  attacks  iron  with  rapidity,  much 
heat  is  produced,  and  the  solution  assumes  at  first  a 
brown  colour,  which  gradually  passes  into  a  green. 


#  Davy's  Researclirs,  p.  170.  f  Ibid. 
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Book  II.    During  this  solution  no  hydrogen  gas  is  emitted  ex* 

)ivision  II.  \        .        .        .11  1 

J  cept  a  few  bubbles  at  first.  The  iron  is  oxidated  at  the 
expence  of  the  acid,  part  of  which  is  decomposed  ;  its 
oxygen  combines  with  the  iron  and  converts  it  into 
black  oxide,  while  its  sulphur  combines  with  the  sul- 
phite of  iron  zs  it  forms.  The  salt,  therefore,  which  is 
obtained  by  this  process,  is  not  pure  sulphite  of  iron, 
but  that  salt  combined  with  sulphur.  These  pheno- 
mena were  first  described  by  BerthoUet  *.  When  sul- 
phuric acid  or  muriatic  acid  is  poured  into  this  solu- 
tion the  sulphurous  acid  ig  disengaged  with  efferve- 
scence j  and  if  these  acids  be  added  in  sufficient  quan- 
tity a  portion  of  sulphur  is  precipitated. 

When  the  solution  is  exposed  to  the  air,  crystals  of 
sulphite  of  iron  are  formed,  and  at  the  same  time  a  red. 
powder  is  deposited,  probably  consisting  of  oxy-sulplAte 
of  iron  with  excess  of  base,  and  combined  with  sulphur. 
The  crystals  dissolved  in  water  and  exposed  to  the  air 
are  gradually  converted  into  sulphat  of  iron.f. 

Thus  there  are  two  varieties  of  sulphited  irony  simple 
sulphite  and  sulphurated  sulphite.  The  first  of  these  is 
insoluble  in  alcohol ;  but  that  liquid  dissolves  the  scr 
cond  :  the  first,  when  exposed  to  the  air,  is  converted 
into  sulphat,  but  the  second  remains  unaltered  +. 

Sp.  3.    Nitrated  iron. 

Nitric  acid  acts  with  great  energy  upon  iron,  a 
violent  effervescence  takes  place,  nitrous  gas  is  emitted 
in  abundance,  the  iron  is  generally  oxidated  to  a  maxi- 
mum, and  a  red  powder  precipitates,  consisting  pro- 
bably of  oxy-nitrat  with  excess  of  base.  These  pheno- 
mena have  been  long  known ;  but  it  was  not  till  after 


*  Ann,  da  Chim,  ii.  J  8.  f  Fourcroy,  v'u  200.  \  Ibid. 
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Mr  Proust's  Researches  on  the  Prussiats  of  Iron  that  Chap.  in. 
the  existence  of  two  salts  consisting  of  this  acid,  com- 
bined with  each  of  the  oxides  of  iron,  was  well  under- 
stood by  chemists.  It  is  the  oxy-nitrat  of  iron  which 
is  obtained  by  the  usual  process.  Mr  Proust  merely 
announced  the  existence  of  the  simple  nitrat,  but  it  has 
since  been  examined  by  Mr  Davy. 

I.  Nitrat  of  iron.  When  nitric  acid  of  the  specific  Formation, 
gravity  1.16  is  poured  upon  iron,  it  acts  upon  the  metal 
but  slowly,  no  gas  being  given  out  for  some  time.  The 
solution  becomes  of  a  dark  olive  brown  in  consequence 
of  the  nitrous  gas  which  it  holds  in  solution ;  but  when 
exposed  to  the  air,  it  becomes  pale,  because  that  gas 
combines  with  oxygen  and  is  converted  into  nitric  acid. 
When  alkalies  are  poured  into  it,  a  pale  green  precipi- 
tate falls,  consisting  of  iron  oxidated  to*  a  minimum. 
This  solution  absorbs  nitrous  gas,  ^  It  cannot  be  con- 
centrated, nor  even  heated,  without  being  converted 
into  oxy-nitrat  *. 

3.  Oxy-nitrat  oji  iron.  This  is  the  salt  obtained 
when  iron  is  treated  with  strong  nitric  acid,  or  when  the 
nitrat  is  heated  or  left  exposed  to  the  air.  The  solu- 
tion is  of  a  brown  colour,  and  cannot  be  crystallized. 
When  evaporated,  it  lets  fall  a  red  powder,  not  after- 
wards soluble  in  nitric  acid;  and  sometimes  when  con- 
centrated assumes  the  form  of  a  jelly.  When  evapo- 
rated to  dryness,  the  acid  is  disengaged,  and  the  oxide 
remains  in  the  form  of  a  fine  red  powder,  insoluble  in 
nitric  acid.  Hence  solution  in  nitric  acid,  evaporating 
to  dryness,  and  digesting  the  residuum  in  water,  is  the 
rpethod  recommended  by  Bergman,  and  commonly  prac- 


♦  J^3iVy^s  Researches ,  p.  1 8  7. 
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tised  by  chemists  to  separate  iron  from  earths.  The 
iron  and  earths  are  first  dissolved  together  in  nitric  acidj 
by  the  evaporation  to  dryness,  the  nitrat  of  iron  is  de- 
decomposed,  while  the  earthy  nitrats  remain  unaltered. 
They  are  of  course  dissolved  by  the  water,  but  the  red 
oxide  of  iron  is  left  untouched. 

Vauquelin  has  lately  discovered  a  method  of  obtain- 
ing the  oxy-nitrat  of  iron  in  crystals.  When  concen- 
trated, nitric  acid  is  kept  for  some  months  in  contact 
with  the  black  oxide  of  iron,  solution  slowly  takes  place, 
and  crystals  nearly  colourless  are  formed,  which  have 
the  figure  of  rectangular  four-sided  prisms,  terminated 
by  dihedral  ridges.  These  crystals  have  an  acrid  and 
inky  taste,  and  are  very  deliquescent.  Their  solution 
in  water  has  a  red  colour,  and  the  alkalies  precipitate 
from  it  red  oxide  of  iron  *.  • 

Sp.  4,    Muriated  Iron. 

Muriatic  acid  attacks  iron  even  with  more  ra- 
pidity than  the  sulphuric  ;  hydrogen  gas  is  emitted  in 
consequence  of  the  decomposition  of  water,  and  the 
iron  is  oxidated  and  dissolved.  This  acid  dissolves 
likewise  the  oxides  of  iron  much  more  readily  than  any 
other,  and  for  that  reason  it  is  usually  employed  to  take 
out  iron-marks  from  linen,  and  to  remove  particles  of 
rust,  which  often  adhere  with  great  obstinacy  to  glass 
vessels.  Muriatic  acid  combines  both  with  the  black 
and  brown  oxides  of  iron,  and  forms  with  each  of  them  a 
peculiar  sak,  the  properties  of  which  have  been  lately  de- 
scribed by  Mr  Davy.  Their  existence  had  been  pre- 
viously pointed  out  by  Proust.    The  common  muriat 


«  Fourcroy,  vi.  aoj. 
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ef  iron,  usually  obtained  by  dissolving  iron  or  its  oxides    Chap.  III. 
in  muriatic  acid,  is  a  mixture  of  these  two  salts. 

1.  Mtiriat  of  iron.  When  iron-filings  are  dissolved 
in  muriatic  acid,  the  solution,  provided  it  be  e:^cluded 
from  the  air,  is  of  a  pale  green  colour,  and  yields,  vv^hen 
evaporated,  crystals  of  muriat  of  iron  almost  white, 
which  are  extremely  soluble  in  water,  but  insoluble  in 
alcohol.  The  solution  attracts  oxygen  from  the  air 
and  from  nitric  acid.  It  absorbs  nitrous  gas  even  in 
greater  quantity  than  sulphat  of  iron,  and  acquires, 
when  saturated,  a  dark  brown  colour,  and  a  much  more 
astringent  taste  than  muriat  of  iron  in  its  usual  state. 
When  heated,  the  greatest  part  of  the  gas  is  driven  off, 
some  red  oxide  of  iron  is  precipitated,  and  some  ammo- 
nia formed,  precisely  as  happens  to  a  solution  of  sul- 
phat of  iron  im.pregnated  with  nitrous  gas*. 

2.  Oxy-miiriat  of  iroTi.  This  salt  may  be  formed 
by  dissolving  the  red  oxide  of  iron  in  muriatic  acid,  or 
by  treating  the  muriat  of  iron  with  nitric  acid.  The 
solution  of  this  salt  is  of  a  deep  brown  ;  its  odour  is 
peculiar,  and  its  taste,  even  when  much  diluted  with 
water,  is  exceedingly  astringent.  When  evaporated  to 
dryness,  it  yields  an  uncrystallizable  orange-coloured 
mass,  which  deliquesces  in  the  "air,  and  is  soluble  in 
alcohol.    This  salt  gives  a"  yellow  tinge  to  animal  and  Action  on 

,  ,        ,  .     ,  .  ,  .    .     animals  and 

vegetable  substances,  as  is  the  case  with  oxy-munatic  vegetables, 
acid.  When  sulphuric  acid  is  poured  upon  it,  the 
odour  of  oxy-muriatic  acid  is  perceptible.  This  salt 
does  not  absorb  nitrous  gas.  When  sulphurated  hy- 
drogen gas  is  made  to  pass  through  it,  part  of  the  oxy- 
gen is  abstracted,  and  the  salt  is  converted  into  muriat 
of  iron f. 

*  DaW,  p.  1 80.  t  Ibid.  p.  i8l. 
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Book  11.        When  this  salt  is  distilled,  oxy-muriatic  acid  passes 

Division  II.  ,    ,      .        .         ,       ,        ,  r  ,  t  i 

c—y^^  over,  and  the  iron  is  reduced  to  the  state  of  black,  ox- 
ide. This  acid  is  also  formed  and  exhaled  during  the 
solution  of  brown  oxide  of  iron  in  muriatic  acid,  at 
least  if  the  solution  be  promoted  bj  the  application  of 
heat. 

Sp.  5.    Phosphated  Iron. 

Phosphoric  acid  has  but  little  action  upon  iron. 
However,  if  that  metal  remain  exposed  to  the  contact 
of  phosphoric  acid,  or  even  to  the  solutions  of  salts 
which  contain  that  acid,  it  is  gradually  oxidated,  and 
converted  into  phosphat  of  iron.  The  properties  of 
phosphated  iron  have  not  been  examined  with  atten- 
tion. Scheele  has  shewn  that  the  acid  combines  with 
both  oxides,  and  forms  of  course  both  a  phosphat  and 
oxy-phosphat  of  iron.  Fourcroj  and  Vauquelin  have 
lately  ascertained  that  there  are  two  varieties  of  this  last 
salt ;  one  which  had  been  already  described  by  Berg- 
man, Meyer,  Klaproth,  and  Scheele,  and  another  with 
excess  of  base,  and  consequently  a  sub-oxy-pbosphaty 
which  these  philosophers  first  observed. 

1.  Phosphat  of  iron.  When  sulphat  of  iron  dissol- 
ved iu  water  is  mixed  with  a  solution  of  phosphat  of 
potass,  a  blue  powder  precipitates,  which  is  phosphat 
of  iron.  This  powder  is  insoluble  in  water,  and  does 
not  lose  its  colour  when  exposed  to  the  air  *.  This 
salt  is  found  native,   and  constitutes  the  colouring 

Native  matter  of  a  blue  mineral  called  native  prussian  blue, 
Prussian  .  ^  •  _ 

blue.  found  in  bogs,  and  first  analysed  by  Klaproth.  Native 

Prussian  bltie^  as  it  is  called,  when  dry  out  of  the  earth, 


*  Schcclc,  Crell's  Annals,  i.  115.  Engl.  Trans. 


IRON.  13 

13  at  first  often  colourless  ;  but  when  exposed  to  the  Chap.lIL 
air,  it  becomes  blue.  The  cause  of  this  change  has  not  ^"""v"^ 
been  ascertained. 

2.  Oxy~phosphat  of  iron.  This  salt  may  be  readily 
procured  by  mixing  together  the  solutions  of  oxy-mu- 
liat  of  iron  and  phosphat  of  potass  or  soda.  A  white 
powder  immediately  falls,which  is  oxy-phosphat  of  iron. 

This  salt,  like  almost  all  the  phosphats,  is  soluble  in 
aciis,'  but  precipitated  undecomposed  by  ammonia.  It 
is  almost  insoluble  in  water,  as  it  requires  more  than 
1500  parts  of  that  liquid  to  dissolve  one  part  of  oxy- 
phosphat.  When  heated  violently,  it  melts  into  an 
ash-coloured  globule*.  When  mix;ed  with  charcoal, 
and  heated  to  redness,  it  is  converted  into  phosphuret 
of  iron. 

3.  Suh-oxy-phosphat  of  iron.  When  the  oxy-phos- 
phat of  iron  is  treated  with  the  pure  fixed  alkalies,  a  red, 
or  rather  brownish-red,  powder-  is  separated,  while  the 
alkali  combines  with  phosphoric  acid.  This  powder 
was  examined  by  Foui-croy  and  Vauquelin,  and  found 
by  them  still  to  contain  "^i  portion  of  acid.  It  is  there- 
fore merely  oxy-phosphat  with  excess  of  base.  This 
salt  is  scarcely  soluble  in  acids  or  in  water  ;  but  it  dis- 
solves readily  in  the  white  of  an  egg,  or  in  the  serum 
of  blood,  and  communicates  to  these  liquids  a  brovm  or 
red  colour.  Its  solubility  'is  increased,  and  its  colour 
heightened,  by  the  presence  of  a  portion  of  fixed  alka- 
lif .  This  is  the  salt  which  gives  a  red  colour  to  the 
blood. 

Sp.  6.    Fluated  Iron. 
Fluoric  acid  attacks  iron  with  violence  j  hydrogen 


*  Bergman,  iii.  118.  t  Fourcroy,  ix.  I5». 
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Book  II.    gas  is  emitted,  and  the  metal  oxidated  and  dissolved. 

Division  II.  . 

7  he  solution  has  an  inky  taste,  and  when  evaporated 
docs  not  crystallize,  but  assumes  the  form  of  a  jelly. 
In  this  state  it  is  undoubtedly  an  oxy-Jluat  of  iron 
Heat  decomposes  it  by  expelling  the  acid,  Tlie  same 
effect  is  produced  by  sulphuric  acid.  Fluoric  acid  also 
dissolves  the  brown  oxide  of  iron,  and  forms  the  same 
salt  *. 

iS"^.  7.    Borat  of  Iron. 

BoRACic  ACID  acts  very  feebly  upon  iron  ;  but  bo- 
rat of  iron  may  be  obtained  very  readily  by  pouring  li- 
quid borat  of  soda  into  a  solution  of  sulphat  of  iron.  A 
pale  yellow  powder  immediately  precipitates,  which  is 
the  salt  required.  This  salt  is  insoluble  in  water.  Be- 
fore the  blow-pipe  it  melts  readily  into  a  globule  of 
glass  f. 

Sp.  8.    Carlonat  of  Iron. 

Liquid  carbonic  acid,  when  kept  in  contact  with  iron, 
attacks  it  slowly,  and  dissolves  a  sufficient  quantity  of 
it  to  acquire  a  sensibly  chalybeate  taste.  When  expo- 
sed to  the  air,  the  iron  is  gradually  precipitated  in  the 
state  of  black  oxide  J.  This  carbonat  often  exists  na- 
tive in  mineral  waters.  It  may  be  obtained  also  by 
precipitating  sulphat  of  iron  by  means  of  an  alkaline 
carbonat.  In  that  case  it  is  always  in  the  form  of  a 
green  mass. 

Rust  may  be  considered  as  an  oxy-carbonat  of  iron  ; 
for  it  consists  of  the  brown  oxide  of  that  metal  combi- 


*  Scheclc,  i.  34.  f      Crcll's  Annals,  i.  114.  Engl.  Trans. 

X  Bergman,  i.  33. 


ncd  with  carbonic  acid.  Herjce  it  dissolves  in  acid« 
with  effervescence,  and  when  heated  ^ivea  out  carbonic 
a'.id  prn  ;  the  rc.iiduum  in  that  ca*e  is  black  oxide  of 
r.  From  the  experiments  of  Bergman  carbonat  of 

iron  seems  to  be  compo'sed  of  about     24  acid 

76  oxide 

ICG  f 

9.    jlriematecl  Iron. 

Arsfkic  acid  dissolves  iron  when  assisted  by  a  dL» 
gcsting  heat ;  and  if  the  experiment  be  made  in  an  open 
vessel,  the  solution  at  last  assumes  the  form  of  a  jelly  j 
but  in  a  close  vessel  thi^  does  notliappen.    When  one 
part  of  iron' filings  and  four  parts  of  arsenic  acid  are 
distilled  together  to  dryness,  inflammation  takes  place, 
and  at  the  same  time  both  aisenic  and  white  oxide  of 
arsenic  are  sublimed  |.    Arsenic  acid,  as  we  sec  from 
these  facts,  is  capable,  like  other  acids,  of  combining 
with  both  the  oxides  of  iron,  and  of  forming  arseniat 
of  iron  and  ox-arseniat  of  iron.    Both  of  these  salts 
have  been  found  native  in  Cornwall,  and  have  been 
lately  described  and  analysed  with  great  accuracy  by 
Bournon  and  Chenevix. 

I.  Aneniut  of  iron.  Thii  salt  may  be  formed  by 
pouring  arseniat  of  ammonia  into  sulphat  of  iron.  The 
salt  precipitates  in  the  state  of  a  powder,  insoluble  in 
water.  It  exists  native  crystallized  in  cubes,  which  in 
some  instances  have  their  alternate  angles  truncated. 
Their  colour  is  usually  dark  green,  and  their  specific 


♦  Fourcroy,  rL  215.  \  Bcrgvaaa,  iL  J9». 
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Boolf  II.    gravity  3  *.    When  heated,  the  iron  attracts  oxygen 

Division        r  ,  .  ,  , 

w— -y         Irom  the  acid,  and  passes  to  the  state  of  red  oxide, 

while  white  oxide  of  arsenic  sublimes.  This  native  salt 
is  usually  contaminated  with  a  little  copper.  The  artifi- 
cial arseniat,  according  to  the  analysis  of  Chenevix,  is 

ComposI-     composed  of  38  acid 

tion,  . , 

43  oxide 

19  water 


100 


The  native  (abstracting  the  impurities^  was  found 
by  the  same  accurate  chemist  to  be  composed  of  about 

36  acid 
52  oxide 

r" 

12  water 
100  f 

2.  Ox-arseniat  of  iron.  This  salt  may  be  formed  by 
precipitating  oxy-sulphat  of  iron  with  arseniat  of  am- 
monia, or  by  boiling  the  arseniat  of  iron  in  nitric  acid. 
The  native  arseniat  is  sometimes  found  converted  into 
this  salt  in  consequence  of  the  absorption  of  oxygen 
from  the  air.  It  has  then  a  brownish-red  colour.  Ac- 
cording to  the  analysis  of  Chene  vix,  the  artificial  oxi 
arseniat  is  composed  of  42.4  acid 

37.2  oxide 
20.4  water 

100.0 1 


*  Bournon,  Phil.  Trans.  i8oi,  p.  190.  |  Ibid.  p.  ^^o. 

\  Ibid.  p.  az3. 


/ 


IRON. 


5^.  10.     Tungstat  of  Iron, 

This  salt  exists  native,  and  is  known  to  mineralogists 
by  the  name  of  Wolfram.  It  may  be  formed  by  preci- 
pitating sulphat  of  iron  by  means  of  the  tungstats.  It  is 
an  insoluble  powder,  possessing  properties  similar  to 
native  tungstat  of  iron.  As  this  native  salt  contains  also 
manganese,  and  is  not  therefore  a  pure  tungstat  of  iron, 
it  will  be  proper  to  defer  the  description  of  it  to  the 
Second  Part  of  this  Work. 

Sp.  11.    Molyhdcit  of  Iron. 

The  alkaline  molybdats  precipitate  iron  brown  from 
its  solution  in  acids'*. 

Sp.  12.    Acetite  of  Iron, 

The  acetous  acid  dissolves  iron  with  rapidity,  pro- 
ducing an  effervescence,  and,  like  the  other  acids,  it  forms 
a  salt  with  each  of  the  oxides  of  that  metal ;  but  the 
properties  of  these  salts  have  not  been  examined  with 
attention. 

Acttite  of  iron  yields  by  evaporation  crystals  of  a 
green  colour,  in  the  form  of  small  prisms.  It  has  a 
sweetish  styptic  taste,  and  its  specific  gravity  is  1.368  f. 
By  exposure  to  the  air,  or  by  the  application  of  heat,  it 
is  converted  into  oxacetite. 

Oxacetite  of  iron  is  a  reddish-brown  solution,  incapable 
of  yielding  crystals,  and  assumes  the  form  of  a  jelly 
when  evaporated.  It  is  deliquescent.  This  salt  is  much 
employed  by  calicoe  printers,  because  it  is  more  easily 
decomposed  than  any  other  of  the  oxigenated  salts  of 


♦  Scheele,  i.  248.  f  Hassenfratz,  Ann.  de  Chim.  xxxviii.  la. 
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iron.    They  prepare  it  either  by  mixing  together  sul- 
phat  of  iron  and  acetite  of  lead,  and  leaving  the  solution 
exposed  to  the  air,  or  by  dissolving  iron  in  an  impure 
'acetous  acid,  obtained  by  distilling  wood. 

The  acetites  of  iron  are  decomposed  by  heat,  and  the 
iron  left  in  the  state  of  black  oxide. 

Sp.  13.    Oxalated  Iron. 

Oxalic  acid  attacks  iron  rapidly,  and  dissolves  it 
with  effervescence  and  forms  a  peculiar  salt  with  each 
of  its  oxides. 

Oxalat  is  obtained  by  dissolving  iron  or  its  black 
dxide  in  thar  acid,  and  evaporating  the  solution.  Pris- 
matic crystals  of  a  green  colour  and  sweet  astringent 
taste  are  formed,  very  soluble  in  water  with  an  excess 
of  acid,  which  fall  to  powder  when  heated.    They  are 

composed  of  55  acid 

45  oxide 

100 

Oxygenated  oxalat  may  be  obtained  by  dissolving  red 
oxide  of  iron  in  oxalic  acid,  or  by  exposing  the  first  salt 
to  the  air  in  a  digesting  heat.  It  has  the"  form  of  a 
yellow  powder,  scarcely  soluble  in  water,  and  incapable 
of  crystallizing*. 

Oxalic  acid  readily  dissolves  tlie  oxide  of  iron  even 
when  combined  with  gallic  acid.  Hence  it  is  often  used 
to  take  spots  of  ink  out  of  linen ;  and  super-oxalat  of 
potass  is  usually  sold  in  this  country  for  that  purpose, 
under  the  name  of  essential  salt  of  lemons. 


*  Bergman,  L  a68. 
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Sp.  14.    Tartrited  Iron. 

Tartarous  acid  dissolves  iron  with  efFervescence, 
and  combines  with  each  of  its  oxides. 

Tartrite  of  iron  may  be  formed,  according  to  Retzius, 
by  pouring  tartarous  acid  into  sulphat  of  iron,  and  apply- 
ing heat  to  the  solution.  Lamellar  crystals  are  formed, 
sparingly  soluble  in  water,  which  possess  the  properties 
of  tartrite  of  iron. 

Oxy~tartrite  is  usually  formed  when  iron  is  dissolved 
in  tartarous  acid  and  heat  applied  to  the  solution.  It 
has  a  red  colour,  does  not  crystallize,  but  assumes  the 
form  of  a  jelly  when  evaporated. 

Sp.  15.     Triple  Tartrite  of  Iron. 

This  triple  salt  was  formerly  called  tartarised  tinc» 
ture  of  MarSy  chalyheated  tartar,  and  tartarised  iron. 
It  may  be  formed  by  boiling  two  parts  of  tartar  and  one 
of  iron-filings,  previously  ^raade  up  into  a  paste,  in  a 
proper  quantity  of  water.  The  liquor  by  evaporation 
deposites  crystals,  which  form  the  salt  wanted. 

Sp.  1 6.    Citrat  of  Iron. 

This  salt  has  only  been  examined  by  Vauquelin. 
Citric  acid  dissolves  iron  slowly ;  the  solution  has  a 
brown  colour,  and  deposites  small  crystals  of  citrat  of 
iron.  "When  evaporated,  it  becomes  black  like  ink, 
ductile  while  hot,  hut  brittle  while  cold.  This  mass  is 
evidently  oxy-citrat  of  iron.  It  is  astringent,  and  very 
soluble  in  water. 

B  2 
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Book  II.        Citrat  of  iron,  according  to  Vauquelln,  is  composed 

Division  U.  ^     ^        •  i 

■  .   ^     '  of  oy.02  acid 

30.38  oxide 

100.00  * 


Sp.  17.    Malat  of  Iron. 
A  BROWN  solution  not  crystallizable  f . 

Sp.  18.    Gallat  of  Iron. 

Mr  Proust  first  observed,  that  the  gallic  acid  does 
not  occasion  any  precipitate  when  poured  into  salts  of 
iron  containing  that  metal  in  the  state  of  black  oxide. 
Hence  it  follows  that  the  gallat  of  iron,  if  it  be  formed 
in  these  cases,  is  very  soluble  in  water  and  without  co- 
lour ;  but  when  gallic  acid  is  poured  into  the  oxige- 
nated  salts  of  iron,  the  solution  becomes  black,  and  a 
black  precipitate,  composed  of  gallic  acid  and  red  oxide 
of  iron,  immediately  begins  to  fall ;  but  it  is  so  very 
fine  and  light,  that  the  greater  part  of  it  remains  long 
suspended ;  and  if  a  quantity  of  mucilage  or  syrup  be 
mixed  with  the  solution,  the  precipitate  remains  sus- 
Writing  pendcd  altogether.  It  is  this  solution  which  constitutes 
writing  ini.  But  ink  is  usually  made  by  mixing  the 
sulphat  of  iron  of  commerce  with  a  saturated  solution 
of  nutgalls.  Now  the  sulphat  of  commerce  is  a  mix- 
ture of  sulphat  and  oxy-sulphat  of  iron.  That  part  of 
the  iron  which  is  in  the  state  of  sulphat  forms  at  first 
a  colourless  solution,  but  by  attracting  oxygen  from  the 
atmosphere,  it  gradually  becomes  black.  Hence  the 
reason  that  ink  is  often  pale  at  first,  but  becomes  black 


•  Fourcroy,  vii.  209. 
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■when  the  writing  dries,  in  consequence  of  the  absorp- 
tion of  oxygen. 

Gallat  of  iron  is  soluble  in  acids  without  decomposi- 
tion, but  it  loses  its  colour  in  very  strong  acids.  Hence 
the  reason  that  these  acids  destroy  the  colour  of  writing. 

Sj>.  19.    Benzoat  of  Iron. 

This  salt  forms  yellow  crystals.  It  has  a  sweet  taste. 
It  is  soluble  in  water  and  alcohol.  It  effloresces  in  the 
air.    Heat  disengages  the  acid  *. 

Sj}.  20.    Succinat  of  Iron. 

Succinic  acid  dissolves  the  oxide  of  iron,  and 
yields  by  evaporation  small  brown  transparent  radiated 
crystals  f . 

jS^.  21.    Prussiated  Iron. 

The  combination  formed  between  the  prussic  acid 
and  iron  has  been  the  object  of  a  great  many  re- 
searches, and  has  given  occasion  to  several  curious  and 
important  discoveries.  We  are  indebted  to  Mr  Proust 
for  the  fact  that  the  prussic  acid,  like  all  other  acids 
hitherto  tried,  is  capable  of  forming  a  pecuhar  salt  with 
each  of  the  oxides  of  iron. 

1.  Prussiat  of  iron.  This  salt  may  be  formed  by 
pouring  triple  prussiat  of  potass  into  a  solution  of  sul- 
phat  of  iron.  The  salt  precipitates  in  the  form  of  a 
white  powder.  It  is  not  altered  by  sulphuric  and  mu- 
riatic acids.  When  exposed  to  the  air  it  absorbs  oxygen 
with  great  rapidity,  and  passes  to  the  state  of  oxy- 


Chap.  III. 
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Book  II.    prussbt.    Oxy-murlatic  and  nitric  acids  produce  the 

Division  II.  , 

V.    ^    .  ■  same  change. 

2.  Oxy-prussiat  of  iron.  This  salt  is  formed  when 
triple  prussiat  of  potass  is  poured  into  oxy,.sulphat  of 
iron,  or  into  the  solution  of  any  oxygenated  salt  of  iron. 
A  beautiful  blue  precipitate  appears,  which  is  the  salt. 
It  is  not  altered  by  the  acids.  Sulphurated  hydrogen  gas 
converts  it  into  prussiat  by  absorbing  oxygen.  "When  it 
is  mixed  with  iron-fihngs,  and  kept  in  water  in  a  close 
vessel,  it  is  also  converted  into  prussiat,  the  iron  absorb- 
ing the  second  dose  of  oxygen  from  the  red  oxide 

Sp.  22.    Sebat  of  Iron. 

Sebacic  acid  dissolves  iron,  and  forms  with  its  oxide 
deliquescent  needle-shaped  crystals.  It  does  not  preci- 
pitate the  solutions  of  iron  in  sulphuric  and  nitric 
acids  f. 

Genus  VIT.    Salts  of  Tin. 

Though  several  of  the  salts  of  tin  are  of  great  im- 
portance in  the  art  of  dyeing,  and  have  been  known  to 
manufacturers  ever  since  the  discovery  of  the  scarlet 
dye,  of  which  the  oxide  of  tin  constitutes  a  necessary 
ingredient,  it  is  only  of  late  that  the  nature  and  con- 
stitution of  these  salts  have  been  examined  with  any 
kind  of  precision,  and  that  a  satisfactory  explanation 
has  been  given  of  the  curious  properties  which  some  of 
these  salts  possess,  and  the  great  changes  to  which  they 
are  liable.    For  the  progress  which  this  branch  of  the 
science  has  made,  we  are  chiefly  indebted  to  Adet,  Pel- 
letier,  and  Proust. 


*  Proust,  Antf  dc  Ch'm.  88. 
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Tin,  like  iron,  combines  with  two  doses  of  oxygen,  Chap.  in. 
and  forms  two  distinct  oxides,  with  each  of  which  se- 
veral  of  the  acids  are  capable  of  combining ;  and  those 
v.?hich  contain  the  metal  oxidated  to  a.  minimum  ar? 
extremely  ready  to  absorb  oxygen,  and  to  pass  into  the 
state  of  oxygenated  salts.  The  salts  of  tin  may  be  dis- 
tinguished by  the  following  properties  : 

1.  Most  of  them  are  more  or  less  soluble  in  water.  Characters, 
?ind  the  solution  has  usually  a  yellowish  or  brownish 

tinge. 

2.  Triple  prussiat  of  potass  occasions  a  white  preci- 
pitate when  dropt  into  these  solutions. 

3.  Hydrosulphuret  of  potass  occasions  a  black  preci- 
pitate ;  sulphurated  hydrogen  gas,  a  brown  precipitate. 

4.  Neither  gallic  acid  nor  the  infusion  of  nutgalls 
occasions  any  precipitate. 

5.  When  a  plate  of  lead  is  put  into  some  solutions  of 
tin,  that  last  metal  is  separated  either  in  the  state  of 
metal,  or  of  white  oxide  :  but  this  does  not  happen  in 
every  solution  of  tin. 

6.  When  muriat  of  gold  is  poured  into  solutions  con- 
taining tin  combined  with  a  minimum  of  oxygen,  a 
purple-coloured  precipitate  falls. 

The  salts  of  tin  were  formerly  distinguished  by  the 
epithet  jovial,  because  Jupiter  was  the  name  by  which 
the  alchymists  distinguished  that  metal. 

Sp.  I .    Sulphat  of  Tin. 

Sulphuric  acid  is  capable  of  dissolving  tin  j  but  the 
properties  of  the  compounds  which  it  forms  have  not 
been  examined  with  accuracy.  Kunkel,  Wallerius, 
and  Monnet,  the  chemists  who  have  paid  the  greatest 
attention  to  the  action  of  sulphuric  acid  on  tin,  attempt- 
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Book  II.     ed  the  solution  by  means  of  heat.    In  that  case  the  acid 

division  II.    ,  .-  ,  ,  ■  •  i       i    i   j        j  i 

— Y— '  IS  decomposed,  sulphurous  acid  exhaled,  and  even  sul- 
phur developed  if  the  heat  be  long  enough  continued. 
The  metal  is  oxidated  to  a  maximum,  and  the  oxy-sul- 
phat  obtained  is  not  crystallizable  ;  but  when  evapora- 
ted assumes  the  form  of  a  jelly  ;  and  when  water  is 
poured  into  the  solution,  the  salt  precipitates  in  the 
state  of  a  white  powder. 

But  if  the  action  of  the  acid  is  not  assisted  by  heat, 
or  if  tin  combined  with  a  minimum  of  oxygen  be  dis- 
solved in  it,  in  either  of  these  cases  a  sulphat  of  tin  is 
formed,  which  yields,  when  evaporated,  crystals  in  die 
form  of  fine  needles,  as  was  observed  long  ago  by  Mon- 
net. 

\Sp.  2.    Sulphite  of  Tin. 

The  action  of  sulphurous  acid  upon  tin  has  been  ex- 
amined lately  by  Fourcroy  and  Vauquelin,  during  their 
experiments  on  the  combinations  which  that  acid  is  ca- 
pable of  forming.    When  a  j)late  of  tin  is  plunged  into 
liquid  sulphurous  acid,  it  assumes  a  yellow  colour,  and 
afterwards  becomes  black.    A  black  powder  is  preci- 
pitated, which  is  sulphuret  of  tin.  A  portion  of  the  acid 
is  decomposed;  the  tin  is  partly  oxidated,  and  combined 
with  the  remainder  of  the  acid,  and  partly  precipita- 
ted in  the  state  of  sulphuret  combined  with  the  sulphur 
of  the  decomposed  acid,    There  remains  in  solution 
sulphite  of  tin  combined  with  a  portion  of  sulphur  ; 
for  sulphur  precipitates  when  sulphuric  acid  is  adde4 
to  the  solution*. 


*  Fourcroy,  vL  30. 
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Sp.  3.    Nitrated  Tin. 

Nitric  acid  acts  with  amazing  energy  upon  tin,  Action  of 

end  converts  it  into  an  oxide  with  the  evolution  of  a  "''^i'^ 

on  till. 

great  deal  of  heat  ;  but  there  seems  to  be  but  a  very- 
feeble  affinity  between  that  acid  and  the  oxides  of  tin. 
Hence  the  union  which  they  form  is  but  of  transient 
duration  ;  the  oxides  separating  when  any  attempt  is 
made  to  concentrate  the  solution.  This  has  been  long 
known  to  chemists,  and  has  occasioned  a  variety  of  a.t-r 
tempts  to  make  the  solution  of  tin  in  nitrip  acid  more 
permanent ;  but  these  attempts,  as  might  have  been 
expected,  have  not  been  attended  vvith  success. 

When  nitric  acid  of  the  specific  gravity  1.114  is 
poured  upon  tin,  the  metal  is  dissolved  rapidly  with  ef- 
fervescence and  a  great  elevation  of  tetnperature,  wl: ich 
ought  to  be  moderated  by  plunging  the  vessel  contain- 
ing the  mixture  in  cold  water.    In  this  case  the  oxy- 
gen is  chiefly  furnished  by  the  water,  and  the  tin  is 
only  combined  with  a  minimum  of  oxygen.    The  solu- 
tion, therefore,  which  is  of  a  yellow  colour,  is  a  real 
nitrat  of  tin.    It  becomes  gradually  opaque,  and  depo- 
sites  a  white  powder,  which  is  an  oxide  of  tin  with  a 
minimum  of  oxygen,  as  Proust  has  demonstrated.  This 
oxide  separates  in  greater  abundance  if  the  solution  be 
heated.    During  the  solution  of  the  tin  a  quantity  of  • 
ammonia  is  formed,  as  Morveau  first  observed.  When 
potass  is  dropt  into  the  liquid,  this  ammonia  becomes 
sensible  by  its  odour.    Hence  we  see  that,  during  the 
solution,  both  water  and  nitric  acid  have  been  decom-  • 
posed  ;  their  oxygen  combined  with  the  tin,  and  the 
hydrogen  of  the  one  uniting  with  the  azot  of  the  other, 
formed  ammonia.    If  a  little  nitric  acid  be  poured  in, 
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Book  I^.     and  heat  applied,  the  tin  precipitates  oxidated  to  a 

Division  II.  . 

maximum  *. 

When  nitric  acid,  of  the  specific  gravity  1.25,  is 
poured  upon  tin,  a  very  violent  action  takes  place,  the 
metal  is  oxidated  to  a  maximum,  and  the  whole  pf  it 
separates  from  the  liquid.  Hence  we  see  that  there  is 
no  oxy-nitrat  of  tin  ;  that  metal,  when  combined  with 
a  maximum  of  oxygen,  not  being  susceptible  of  enter- 
ing into  combination  with  nitric  acid.  When  the  li- 
quid is  evaporated,  nitrat  of  ammonia  is  obtained.  Mor- 
veau  found,  that  i  part  of  strong  nitric  acid  and 
part  of  tin,  when  treated  in  a  retort,  gave  out  no  gas, 
notwithstanding  the  violence  of  their  action.  Upon  ex- 
amining the  liquid,  he  found  that  the  ammonia  formed 
amounted  to  of  the  weight  of  the  whole  f .  Hence 
we  see  that,  during  the  oxidation,  both  the  acid  and  the 
water  are  decomposed  ;  and  that  they  are  decomposed 
in  such  proportions,  that  their  hydrogen  and  azot  com- 
bine, and  form  ammonia,  while  the  whole  of  their  oxy- 
gen unites  with  the  tin. 

Sp.  4.    Muriated  lin. 

Muriatic  acid  dissolves  tin  in  considerable  quantity 
when  its  action  is  assisted  by  heat.  The  water  of  the 
acid  is  decomposed,  its  oxygen  combines  with  the  tin, 
while  the  hydrogen  is  emitted  in  the  form  of  gas.  This 
gas  has  usually  a  fetid  smell,  owing,  according  to  Mr 
Proust,  to  a  quantity  of  arsenic  which  it  holds  in  solu- 
tion, and  which  is  partly  deposited  on  the  sides  of  the 
jars  in  which  the  gas  is  kept.  During  the  solution  of 
the  tin,  the  arsenic  which  it  usually  contains  is  precipi- 


«  Proust,  "Jour,  de  Pbys.  11.  173.  f  Encye,  MetLed.  Cbim.  i.  6jZ. 


TIN. 


oxygtp. 


fcated  in  the  metallic  state  in  the  form  of  a  black  pow-  Cliap.  nr. 
der  ;  SO-  that  the  quantity  of  arsenic  contained  in  tin 
may  be  ascertained  by  dissolving  it  in  muriatic  acid, 
provided  that  portion  which  is  carried  olF  by  the  hy- 
drogen gas  be  also  taken  into  account*.  Muriatic  acid 
combines  with  both  the  oxides  of  tin,  and  forms  with 
them  permanent  salts. 

I.  Mtiriat  of  tin.  This  is  the  salt  obtained  by  dis- 
solving tin  in  about  four  times  its  weight  of  muriatic 
acid.  The  solution  has  a  brownish-yellow  colour,  and 
yields  when  evaporated  small  needle-shaped  crystals, 
soluble  in  water,  and  somewhat  deliquescent.  Their 
specific  gravity  is  2.2932  f. 

This  salt  has  a  strong  afHnity  for  oxygen,  and  ab-  Afiinity  fo^ 
sorbs  it  with  avidity  from  the  air,  from  oxy-muriatic 
acid,  and  from  nitric  acid,  and  is  converted  into  oxy- 
jnuriat  of  tin,  as  Pelletier  first  observed.  It  absorbs 
oxygen  also  from  arsenic  acid,  and  the  white  oxide  of 
arsenic.  When  these  bodies  are  treated  with  muriat  of 
tin,  they  are  precipitated,  completely  deprived  of  oxy- 
gen, in  the  state  of  a  black  powder.  Molybdic  acid  and 
yellow  oxide  of  tungsten,  or  their  combinations,  when 
dropt  into  a  solution  of  muriat  of  tin,  immediately  as- 
sume a  blue  colour,  being  changed  into  oxides  with  a 
minimum  of  oxygen.  1  he  red  oxide  of  mercury,  the 
blr.ck  oxide  of  manganese^  the  white  oxide  of  antimony, 
the  oxides  of  zinc  and  of  silver,  are  likewise  deprived  of 
tlieir  oxygen  by  this  salt,  and  reduced  to  the  metallic 
state.  The  oxygenated  salts  of  iron  and  copper  are  al- 
so reduced  to  salts  with  a  minimum  of  oxygen,  and  the 


«  Proust,  Jour,  de  Phys.  li.  175. 

f  HasscDij-atz,  Ann.  de  Chim.  xxviii.  %7„ 
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^BookiL^  muriat  of  gold  occasions  a  purple  precipitate,  consist- 
u— Y— ing  of  gold  reduced  to  the  state  of  purple  oxide.  For 
these  interesting  results  we  are  indebted  to  Pelletier  and 
Proust.  They  afford  a  sufficient  key  to  explain  all  the 
singular  changes  produced  upon  the  greater  number  of 
metallic  salts  by  this  muriat  *. 

2.  Oxy-muriat  of  tin.  This  salt  may  be  formed  ve- 
ry conveniently  by  the  process  first  proposed  by  Pelle- 
tier, which  consists  in  causing  oxy-muriatic  acid  gas  to 
pass  into  a  solution  of  muriat  of  tin  till  it  be  saturated, 
and  then  to  expel  the  excess  of  acid  by  heat.  But  it 
was  known  long  before  this  process  was  thought  of, 
and  was  usually  distinguished  by  the  name  of  imoking 
liquor  of  Lihavius }  because  Libavius,  a  chemist  of  the 
Prepara-  1 6th  century,  was  the  discoverer  of  it.  When  equal 
parts  of  amalgam  of  tin f  and  oxy-muriat  of  mercury 
are  triturated  together,  and  then  distilled  in  a  retort 
with  a  very  moderate  heat,  there  passes  first  a  colour- 
less liquid,  consisting  chiefly  of  water,  and  afterwards  a 
white  vapour  rushes  all  of  a  sudden  into  the  receiver. 
This  vapour  condenses  into  a  transparent  liquid,  which 
exhales  a  heavy  dense  smoke  when  exposed  to  the  air, 
but  does  not  smoke  when  confined  in  close  vessels.  This 
is  the  fuming  liquor  of  Libavius,  or  oxy-muriat  of 
tin. 

The  theory  of  the  process  is  obvious  :  The  tin  ab- 
stracts oxygen  from  the  mercury,  and  at  the  same  time 
combines  with  the  muriatic  acid.  Muriats  of  mercury 
and  of  tin  are  also  formed,  and  line  the  neck  of  the  re- 
tort mixed  with  a  quantity  of  pure  mercury ;  and  there 


*  PcUctier,  Ann.  de  Cbim.  xii.  225. — Proust,  Jour,  de  Pbys.  II.  173. 
■J-  Composed  of  two  parts  of  tin  and  one  of  mercury. 


temains  behind  an  amalgam  of  tin,  covered  with  a  crust  ^^^^ 
of  muriat  of  tin*.  It  hid  been  long  known  that  this 
liquid  contained  muriatic  acid  and  tin  j  but  Adet  was 
the  first  who  demonstrated  that  the  tin  was  oxidated 
to  a  maximum,  and  that  therefore  the  salt  was  an  oxy- 
muriat  of  that  metal  f;  and  his  conclusions  were  after- 
wards confirmed  by  Pelletier :}:. 

The  white  smoke  constantly  exhaled  by  this  salt,  pre- 
pared according  to  the  process  of  Libavius,  has  also 
been  accounted  for  by  Adet.  The  salt  is  nearly  desti- 
tute of  water,  and  in  this  state  it  is  exceedingly  volatile. 
The  vapour  as  it  rises  combines  with  the  vapour  of  the 
atmosphere,  and  the  smoke  appears  at  the  moment  of 
the  combination.  When  the  salt  is  confined  in  a  glass 
jar,  either  in  moistened  air  or  standing  over  water,  it 
condenses  gradually  on  the  sides  of  the  jar  in  the  form 
of  small  crystals,  having  imbibed  the  water  necessary 
for  its  crystallization  from  the  air.  When  thrown  into 
water,  this  substance  pi-oduces  heat,  and  at  the  same 
time  dissolves  if  the  quantity  of  water  be  sufficient.  A- 
det  ascertained,  that  when  7  parts  of  water  are  mixed 
with  22  parts  of  fuming  muriat,  the  mixture  condenses 
into  a  solid  mass.  This  mass  melts  like  ice  when  ex- 
posed to  heat,  and  condenses  again  when  cooled  and  a- 
gitated. 

Oxy-muriat  of  tin  is  capable  of  dissolving  an  addi- 
tional dose  of  tin  without  effervescence  or  the  exhala- 
tion of  gas,  and  by  that  means  is  converted  into  muriat 
of  tin.  The  new  portion  of  tin  in  this  case  deprives 
the  tin  of  the  oxy-muriut  of  its  second  dose  of  oxygen. 
Adet,  however,  found,  that  this  solution  did  not,  suc- 


*  Rouelle.  f  -^""^  S-  ^  ^^^^  ^"  '^''•S'. 


ceed  except  I'n  the  oxy-muriat,  rendered  solid  hj  mix- 
ture with  water,  and  then  liquefied  by  heat  *. 

Liquid  oxy-muriat  of  tin  yields  by  evaporation  small 
crystals  ;  and  when  heated  sublimes  in  the  same  man- 
ner as  fuming  muriat.  This  salt  is  employed  by  dyers 
in  great  quantities,  as  it  forms  the  basis  of  the  scarlet 
dye.  They  usually  prepare  it  by  dissolving  tin  in  ni- 
tro-muriatic  acid;  the  consequence  of  which  is,  that  the 
nature  of  the  solution  varies  according  to  the  propor^ 
tion  of  the  acids  and  the  manner  of  dissolving  the  tin. 
In  some  cases,  it  is  merely  a  muriat;  in  others,  an  oxy- 
muriat  ;  and,  generally,  it  consists  of  a  mixture  of  the 
two.  Hence  the  difficulty  of  which  dyers  complain  of 
forming  with  this  solution  the  same  shade  of  colour  in 
different  circumstances.  This  would  be  in  a  great  mea- 
sure removed  by  preparing  the  salt  according  to  the 
process  recommended  by  Pelletier. 

Sj).  5.    Phosphat  of  Tin. 

Phosphoric  acid  has  scarcely  any  action  on  tin  un- 
less when  it  is  exposed  dry  and  mixed  with  that  metal 
to  the  action  of  a  strong  heat.  In  that  case,  part  of 
the  acid  is  decomposed,  its  phosphorus  combines  with 
one  portion  of  the  tin  and  forms  a  phosphuret,  while 
the  oxide  of  tin  unites  with  the  undecomposed  acid  and 
forms  a  phosphat  f .  This  salt  precipitates  also  when 
the  alkaline  phosphats  are  mixed  with  a  solution  of  mu- 
riat of  tin :  but  its  properties  have  never  been  exa. 
mined. 


*  Ann.  de  Chim.  i,  16. 
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Sjj.  6.    Fluat  of  Tin.  »— ^ 

Fluoric  acid  does  not  attack  tin  -,  but  it  dissolves  its 
oxide,  and  forma  with  it  a  gelatinous  solution,  which 
has  a  strong  disagreeable  taste  *.  This  fluat  may  be 
formed  also  hy  mixing  together  an  alkaline  fluat  and 
the  miiriut  nf  tin. 

Sp.  7.    Borat  of  Tin. 

BoRACic  ACID  does  not  attack  tin:  but  according 
to  Palm,  equal  parts  of  tin-filings  and  boracic  acid, 
i    melted  together  and  dissolved  in  water,  yield  by  evapo- 
ration transparent  white  polygonous  crystals. 

Sp.  8.    Carhonat  of  Tin, 

As  far  as  is  known  at  present,  the  oxides  of  tin  do 
not  combine  with  carbonic  acid.  Bergman  failed  in  his 
endeavours  to  combine  carbonic  acid  with  the  oxides  of 
tinfi  and  when  precipitated  from  their  solution  in 
acids  by  alkaline  carbonats,  he  found  that  their  weight 
received  scarcely  a  perceptible  increase  %.  Nor  have  the 
attempts  of  Proust  to  combine  it  with  carbonic  acid 
been  attended  with  more  success  ^. 

Sp.  9.    Arseniat^of  Tin. 

When  tin  is  treated  with  arsenic  acid  in  a  digesting 
heat,  it  is  slowly  oxidated  at  the  expencc  of  the  acid, 
and  the  solution  at  last  assumes  the  form  of  a  gelati- 
nous mass.  Arsenic  acid  precipitates  tin  from  acetous 
acid,  and  the  alkaline  arseniats  occasion  a  precipitate 


*  Schcclc,  L  34.  t  '^pvtc.  I  37.  I  Ibid.  iL  392. 
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Book  li.  when  poured  Into  muriat  of  tin.  The  precipitate  is 
arsenlat  of  tin  In  the  form  of  an  insoluble  powder, 
which  hitherto  has  not  been  examined  *. 


Action  of 
vinegar  on 
tin  vessels. 


Sp.  10.    Acetite  ofT^in. 

Acetous  acid  attacks  tin  very  slowly,  even  when 
assisted  by  heat,  and  oxidates  and  dissolves  only  a  small 
portion  of  it.  The  spontaneous  action  of  this  acid  on 
tin  vessels,  when  In  the  state  of  vinegar,  has  been  lately 
examined  by  Vauquelin.  The  subject  was  of  Impor- 
tance, because  vinegar  is  usually  measured  out  in  tin 
vessels.  Now,  as  these  vessels  contain  always  a  little 
lead,  and  as  the  salts  of  lead  are  all  poisonous,  it  was  of 
consequence  to  determine  whether  the  vinegar  acted  on 
the  vessel,  and  If  It  did,  whether  its  action  was  confined 
to  the  tin  or  extended  also  to  the  lead ;  because  in  this 
last  ease  the  vinegar  would  be  converted  into  a  poison.- 
The  result  of  his  Investigation  was,  that  a  small  portion 
of  tin  was  dissolved,  and  that  when  the  lead  exceeded 
the  sixth  part  of  the  tin,  a  small  portion  of  it  was  also 
dissolved  at  that  part  of  the  vessel  only  which  was  in 
contact  both  with  the  vinegar  and  the  air  f . 

When  acetous  acid  is  boiled  upon  tin,  the  metal  Is 
gradually  dissolved,  combining  with  oxygen  at  the  ex- 
pence  of  the  water.  The  solution  has  a  whitish  colour, 
.and  yields  by  evaporation  small  crystals.  This  fact, 
first  mentioned  by  Lemery,  had  been  denied  by  Monnet, 
Westendorf,  and  Wenzel,  who  could  only  obtain  from 
it  a  gummy  mass.  But  Morveau  established  the  truth 
of  Lemery's  observation,  by  crystallizing  acetlte  of  tin 


*  Schcele,  i.  i8o. 


f  Ann,  dt  Cbitn,  xzzil.  243. 
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by  spontaneous  evaporation  *.  It  is  easy  to  account  for 
the  different  results  obtained  by  these  chemists.  The 
Crystals  were  no  doubt  acetite  of  tin,  the  gummy  mass 
oxacetite  of  tin. 

Sp.  11.    Oxalat  of  Tin. 

Oxalic  acid  attacks  tin  when  assisted  by  heat.  The 
hietal  is  first  blackened,  and  is  then  covered  with  a 
white  crust  of  oxide.  The  solution,  which  has  an  au- 
stere taste,  by  slow  evaporation  yields  prismatic  crystals; 
but  when  evaporated  rapidly  by  means  of  a  strong  heat^ 
it  leaves  a  mass  resembling  horn  f . 

Sp.  12.     "Tar trite  of  Tin. 

The  tartrite  of  tin  has  never  been  examined  by  che- 
mists. The  acid  does  not  attack  the  metal,  but  it  dis- 
solves the  oxid  of  tin. 

Sp.  13.     Tartrite  of  Potass-and-tini. 

This  triple  salt  may  be  formed  by  boiling  together 
tartar  ind  the  oxide  of  tin  in  water.  It  is  very  soluble, 
and  therefore  its  solution  crystallizes  with  difficulty. 
No  precipitate  is  produced  in  it  by  the  alkalies  or  their 
catbonats  %. 

Sp.  1^.    Ben^oat  of  Tin. 

Neither  tin  nor  its  oxide  is  soluble  in  benzoic 
acidi  but  when  benzoat  of  potass  is  poured  into  a 
solution  of  tin  in  nitro-muriatic  acid,  benzoat  of  tin  pre- 
cipitates.   It  is  soluble  in  water  by  the  assistance  of 


*  Encycl.  Method.  Chim.  i.  23. 

]  Thenart,  Ann.  de  dim.  xxxviii.  35. 
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heat,  but  Insoluble  In  alcohol,  and  decomposed  by  the 
action  of  heat  *. 

Sp.  1$.    Succinat  of  Tin. 

Succinic  acid  dissolves  the  oxide  of  tin  when 
assisted  by  heat.  The  solution  by  evaporation  yields 
thin,  broad,  transparent  crystals  f . 

Sp.  1 6.    Sebat  of  Tin. 

Tin,  by  the  action  of  sebacic  acid,  is  corroded  into 
a  yellow  powder,  especially  if  heat  be  applied.  The  so- 
lution is  turbid,  and  deposites  gradually  a  yellow  pow- 
der, acquiring  at  the  same  time  a  fine  red  colour. 
When  the  yellow  powder  is  dissolved  in  water,  a  white 
deliquescent  salt  is  obtained  \, 

Genus  VIII,    Salts  of  Lead. 

Though  lead  be  one  of  the  most  abundant  and  use- 
ful metals,  though  it  has  been  known  from  the  earliest 
ages,  and  though  it  is  without  difficulty  dissolved  by  the 
greater  number  of  acids,  its  salts  have  not  hitherto  been 
much  examined  by  chemists.  This  is  to  be  regretted ; 
because  the  various  degrees  of  oxidation  of  which  it  is 
susceptible,  afford  an  excellent  opportunity  of  ascer- 
taining how  many  different  salts  it  is  capable  of  forming 
with  each  peculiar  acid;  and  this  once  known,  would 
probably  lead  to  seme  general  conclusions  concerning 
the  different  classes  of  metallic  salts.  The  salts  of  lead 
were  formerly  distinguished  by  the  name  of  saturriy  the 
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title  by  which  lead  was  known  among  the  alchymlsts.  Chap.  ill. 
They  may  be  distinguished  by  the  following  properties  : 

1.  A  considerable  number  of  them  are  scarcely  so-  Characterft 
luble  in  water  without  an  excess  of  acid.    These  be- 
fore the  blow-pipe  yield  very  readily  a  button  of  lead. 

2.  The  solution  of  the  soluble  salts  of  lead  in  water  is 
generally  colourless  and  transparent. 

3.  They  have  almost  all  less  or  more  of  a  sweet  taste, 
accompanied  with  a  certain  degree  of  astringency. 

4.  Triple  prussiat  of  potass  occasions  a  white  preci- 
pitate when  poured  into  solutions  containing  salts  of 
lead. 

5.  Hydro-sulphuret  of  potass  occasions  a  black  pre- 
cipitate. The  same  precipitate  is  produced  by  sulphu- 
rated hydrogen. 

6.  Gallic  acid  and  the  infusion  of  nutgalls  occasion 
a  white  precipitate. 

7.  A  plate  of  zinc  kept  in  a  solution  of  lead  occasions 
either  a  white  precipitate,  6r  the  lead  appears  in  its  me- 
tallic state. 

Though  lead  is  susceptible  of  combining  with  several 
doses  of  oxygen,  It  does  not  appear  that  each  of  its 
oxides  is  capable  of  combining  with  acids.  As  far  as 
is  known  at  present,  it  is  only  the  oxides  containing  a 
minimum  and  maximum  of  oxygen  that  possess  that  j 
property.  None  of  the  attempts  to  combine  the  red 
oxide  of  lead  v/ith  acids  have  been  attended  with  suc- 
cess. The  white  oxide  combines  with  all  acids  hither- 
to tried  ;  only  the  salts  formed  by  meanc-  of  that  oxide 
liave  been  hitherto  examined :  the  combinations  of  the 
brown  oxide  have  been  almost  completely  overlooked. 
At  present,  therefore,  we  are  acquainted  with  but  few 
oxygenated  salts  of  lead. 

C  a 
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Book  II.  I 

Division  II.  Sp.  I .    Sulphat  of  Lead. 

Sulphuric  acid  does  not  attack  lead  while  cold } 
but  at  a  boiling  heat  it  communicates  a  portion  of  its 
oxygen,  sulphurous  acid  gas  Is  emitted,  and  the  whole 
is  converted  into  a  thick  white  mass,  which  is  sulphat 
of  lead.  It  may  be  obtained  readily  by  pouring  sul- 
phuric acid  into  acetite  of  lead,  or  by  mixing  this  last 
salt  with  any  of  the  alkaline  sulphats.  The  sulphat  of 
lead  precipitates  in  the  state  of  a  white  powder.  This 
salt  has  but  little  taste.  Its  specific  gravity  is  1.8742*. 
According  to  Kirwan,  it  requires  1200  parts  of  water 
to  dissolve  it  f .  But  when  it  contains  an  excess  of 
acid,  it  is  more  soluble,  and  yields  by  evaporation  small 
white  crystals,  which,  according  to  Sage,  have  the  form 
of  tetrahedral  prisms.  It  is  found  native  crystallized, 
according  to  Kirwan,  in  four-sided  oblique  angled 
prisms  J,  according  to  Hauy,  in  regular  octahedrons  §. 
It  is  insoluble  in  alcohol  and  in  acetous  acid. 

According  to  the  experiments  of  Kirwan,  it  is  com- 

Compo»i-     posed  of  23.37  acid 

75.00  white  oxide 
1.63  water 


tion. 


100.00 


And  100  parts  of  it  contain  exactly  71  parts  of  lead  in 
the  metallic  state  **. 

In  close  vessels  this  salt  endures  a  considerable  heat 


*  Hassenfratz,  Ann.  de  Cbim.  xxviii.  la. 
f  Mineralogy,  ii.  211. 

X  Kirwan's  Min.  ii.  an. 

§  your,  de  Min.  An.  v.  p.  508. 
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without  alteration ;  but  on  charcoal  it  melts,  and  the    Chap.  nr. 
lead  is  quickly  reduced.    This  salt  is  sometimes  em- 
ployed as  a  paint  instead  of  white  lead  or  the  white 
oxide  of  lead. 

Sp.  1.    Sulphite  of  Lead. 

Sulphurous  acid  has  no  action  whatever  on  lead. 
It  absorbs  oxygen  from  the  red  oxide  of  that  metal,  and 
is  converted  into  sulphuric  acid.  But  it  combines  with 
the  white  oxide  of  lead,  and  forms  with  it  a  sulphite, 
which  is  in  the  state  of  a  white  powder,  insoluble  in 
water,  and  tasteless.  Before  the  blow-pipe,  on  charcoal, 
it  melts,  becomes  yellow,  arid  the  lead  is  at  last  re- 
duced. When  heated  in  close  vessels,  it  gives  out  wa- 
ter, sulphurous  acid,  and  sulphur,  and  is  converted  into 
gulphat  of  lead  *, 

Sp.  3.    Nitrat  of  Lead. 

Nitric  acid  dissolves  lead  readily  when  not  too 
much  concentrated.  The  efFevvescence  which  accom- 
panies the  solution  is  occasioned  by  the  emission  of  ni- 
tr.ous  gas.  The  white  oxide  of  lead  is  dissolved  by  ni- 
tric acid  completely,  and  without  effervescence  ;  but 
the  red  oxide  is  rendered  white  ;  ^ths  of  its  weight  are 
dissolved,  and  ith  is  converted  into  brown  oxide,  and 
remains  undissolved  f .  Hence  we  see  that  it  is  the 
white  oxide  of  lead  only  which  combines  with  nitric 
acid.  Six- sevenths  of  the  red  oxide  are  decomposed; 
their  excess  of  oxygen  combines  with  the  remaining 
seventh,  and  converts  it  into  brown  oxygen,  while 
their  base  of  white  oxide  combines  with  the  acid. 


♦  Fourcroy  and  Vauquelin,  Connahsances  Cb'tmiques,  vi.  86.        \  Proust. 
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Book  II.        The  solution  of  lead  in  nitric  acid  yields  by  evapo* 

DivuionJI.  .  c  i  - 

»— — Y—— '  ration  transparent  crystals,  in  the  form  of  tetrahedrons 

truncated  near  their  base,  and  likewise  of  six-sided 
truncated  pyramids,  having  their  faces  alternately  large 
and  small  *.  These  crystals  have  a  sweet  and  at  the 
same  time  an  acrid  taste.  Their  specific  gravity  is 
4.068  f.  They  are  very  soluble  in  water,  like  all  the 
nitrats.  When  heated  they  decrepitate,  and  then  un- 
dergo a  kind  of  detonation,  emitting  very  brilliant 
sparks:!:.  When  they  are  trituated  with  sulphur  in  a 
hot  mortar,  a  feeble  detonation  is  produced,  and  the 
lead  is  reduced  to  the  metallic  state  §. 

This  salt  is  decomposed  by  the  alkalies,  which  com- 
bine with  its  acid,  while  the  white  oxide  of  lead  is  pre- 
cipitated. Sulphuric,  sulphurous,  and  muriatic  acids 
combine  with  its  base,  and  the  new  formed  salt  preci- 
pitates in  the  state  of  a  white  powder. 

^    Sj).  4.    Muriated  Lead. 

Muriatic  acid  attacks  lead  when  assisted  by  heat, 
and  oxidates  and  dissolves  a  portion  of  it ;  but  its  ac- 
tion is  feeble  and  limited.  It  combines  readily  with  the 
white  oxide  of  lead.  When  poured  upon  the  red  ox- 
ide, it  is  converted  partly  into  oxy-muriatic  acid  by  the 
assistance  of  heat,  while  the  lead,  reduced  to  the  state 
of  white  oxide,  combines  with  the  remainder  of  the 
acid  11 .  Thus  we  see  that  muriatic  acid  combines  usu- 
ally with  white  oxide  of  lead,  and  that  it  is  incapable 
<)f  combining  with  the  red  oxide  of  that  metal  j  but  the 


*  Roucllc. 

X  Bergman,  it.  470. 

II  Fabroni, 
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experiments  of  Proust  and  Vauquclin  have  proved  that    Chap.  m. 
it  is  capable  of  combining  also  with  the  brown  oxide, 
and  forming  an  oxj-muriat  of  lead. 

I.  Muriat  of  lead.  This  salt  may  be  formed  rea- 
dily by  pouring  muriatic  acid  or  an  alkaline  muriat 
into  a  solution  of  nitrat  of  lead.  The  muriat  precipi- 
tates in  the  state  of  a  white  powder.  It  has  a  sweet- 
ish taste.  Its  specific  gravity  is  1.8226*.  It  is  so- 
luble in  22  parts  of  cold  water,  and  this  solubility  is 
increased  considerably  by  the  presence  of  an  acidf .  It 
is  soluble  in  acetous  acid  ;  a  property  by  which  it  may 
be  readily  distinguished  from  sulphat  of  lead.  When 
its  solution  in  boiling  water  is  allowed  to  cool,  the  salt 
crystallizes  in  very  small  six-sided  prisms  of  a  whits 
colour,  and  brilliant  appearance  like  satin.  These'  cry* 
jstals  are  not  altered  by  exposure  to  the  air.  When 
heated  they  melt  readily,  and  when  cold  assume  the 
appearance  of  a  semitransparent,  greyish-white  ma^s-, 
formerly  distinguished  by  the  name  of  plumbum  cor- 
neum.  When  exposed  to  a  strong  heat^  they  partly 
evaporate  in  a  visible  white  smoke,  and  there  remains; 
behind  a  submuriat  of  lead  ;  a  substance  which  seems" 
to  have  been  first  examined  by  Bergman  f. 

This  salt,  according  to  Klaproth,  is  composed  of 

about  13.5  acid 

86.5  oxide 

100. o§ 


Composi- 
tion. 


*  Hassenfratz,  Ann.  de  Cb'tm.  xxviii.  12. 
f  Chcnevix,  Nicholson's  ''jour.  iv.  323. 
%  Bergman,  ii.  470.  and  iii.  325. 
§  Beitrage,  ii.  275. 
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According  to  Kirwan,  the  crystals  are  composed  of 
18.23  acid 
81.77  oxide 

100.00 

And  the  salt,  when  dried,  of  17  acid 

83  oxide 

100  * 

According  to  this  calculation,  we  may  consider  100 
parts  of  the  crystallized  salt  as  containing  76  parts  of 
lead  in  the  metallic  state. 
Formation.  ^-  Oxy-tnuriat  of  lead.  When  the  red  oxide  of  lead 
is  put  into  a  Woulfe's  bottle  with  water,  and  oxy-mu- 
riatic  acid  gas  is  made  to  pass  through  it,  the  gas  is  ab^ 
sorbed,  while  the  oxide  acquires  a  brown  colour,  and 
is  gradually  dissolved.  For  this  curious  experiment  we 
are  indebted  to  Mr  Proust.  In  this  case  the  lead  ab- 
sorbs oxygen  from  the  acid,  and  from  a  portion  of  the 
red  oxide  also,  which  is  converted  into  white  oxide,  and 
combines  with  the  muriatic  acid  as  it  is  developed; 
while  the  brown  oxide,  thus  formed,  combines  with  new 
oxy-muriatic  acid,  and  is  thus  dissolved.  The  proper- 
ties of  this  super-oxygenated  salt  have  not  been  exami- 
ned. It  is  not  even  known  whether  it  gan  be  crystalli- 
zed  Its  crystals,  if  they  could  be  formed,  would  cer- 
tainly be  curious,  as  they  would  contain  a  much  great- 
er proportion  of  oxygen  than  any  other  metallic  salt 
whatever.  The  solution  does  not  crystallize  spontane- 
ously ;  and  when  evaporated,  the  acid  is  apt  to  fly  off, 
^nd  the  brown  oxide  to  be  precipitated. 


Book  II. 
Division  II. 


*  Kirwan  On  Mineral  H'alen,  Table  iv. 


LEAD. 


41 


Sj).  5.    Phosphat  of  Lead. 


Chap.  IIL 


Phosphoric  acid  has  but  little  action  on  lead  ;  how- 
ever, when  allowed  to  remain  long  in  contact  with  it, 
the  metal  is  partly  oxidated  and  converted  into  an  inso- 
luble phosphat.  The  phosphat  of  lead  may  be,  easily- 
formed  by  mixing  the  alkaline  phosphats  with  nitrat  of 
lead.  The  salt  inxmediately  precipitates  in  the  state  of 
an  insoluble  powder. 

The  salt  is  found  native  in  different  parts  of  the 
world.  Its  colour  is  then  usually  green  or  yellow,  and 
it  is  often  crystallized  in  six-sided  prisms.  It  is  inso- 
luble in  water  unless  there  be  a  considerable  excess  of 
acid  ;  but  it  is  soluble  in  pure  soda,  and  probably  fcrms 
with  it  a  triple  salt  *.  When  heated  it  melts,  and  as- 
sumes on  cooling  a  regular  polyhedral  form.  In  a  red 
heat  it  is  decomposed  by  charcoal,  which  absorbs  the 
oxygen  from  both  of  its  component  parts.  The  sul- 
phuric, nitric,  and  muriatic  acids,  decompose  it  by  ab- 
stracting its  base  while  cold  ;  but  these  decomj)ositions 
do  not  take  place  in  a  strong  heat. 

The  yellow  phosphat  of  lead,  from  Leadhills  in  Scot- 
land, is  composed,  according  to  my  analysis  (abstract- 
ing the  impurities  with  which  it  is  usually  mixed)  of » 

18  acid  Compos!. 

tioa. 

82  white  oxide 


100 


Sp.  6.    Tluat  of  Lead. 
FtUORlC  ACID  has  no  action  on  lead  ;  but  it  dissolves 


»  Vauquelin,  Jour,  de  Min.  No.  9.  p.  6. 


SALTS  OP 


Book  If.  a  small  proportion  of  the  white  oxide  of  that  metal 
t  when  there  is  an  excess  of  acid.    But  the  fluat  of  lead, 

formed  by  saturating  the  acid,  is  an  insoluble  powder, 
■which  melts  easily  before  the  blow-pipe,  and  lets  go  its 
acid.    The  acid  is  driven  off  also  by  sulphuric  acid  *. 

Sp.  7.    Borat  of  Lead. 

BoRACic  ACID  has  no  action  on  lead  ;  but  borat  of 
Jead  is  precipitated  in  the  state  of  white  powder  when 
borat  of  soda  is  mixed  with  nitrat  of  lead.  When  one 
part  of  boracic  acid  is  melted  with  two  parts  of  red  ox- 
ide of  lead,  the  product,  according  to  Reuss,  is  a  green- 
ish-yellow, transparent,  hard,  insoluble  glass  f . 

Sjj.  S.    Carbonat  of  Lead. 

Carbonic  acid  has  no  action  on  lead  ;  but  it  com- 
bines readily  with  its  oxide.  Carbonat  of  lead  is  most 
easily  obtained  by  precipitating  lead  from  its  solution 
in  nitric  acid  by  the  alkaline  carbonats.  By  that  pro- 
cess it  is  obtained  in  the  state  of  a  white  powder. 

This  salt  occurs  native  in  abundance.  In  that  state 
it  is  usually  white,  and  has  a  good  deal  of  lustre.  Its 
specific  gravity  is  7.2357  ^.  It  is  sometimes  crystalli- 
zed in  six-sided  prisms,  terminated  by  six-sided  pyra- 
mids, and  sometimes  in  regular  octahedrons  §.  It  is  in- 
soluble in  water.  When  exposed  to  the  action  of  the 
blow-pipe  upon  charcoal,  the  lead  is  imm.ediately  redu» 
ced  to  the  metallic  state. 


^  Scheele,  L  33.  f  Reus*  de  Sale  Sedadvi, 

$  Eournon,  Nicholson's  Journal,  iv.  220. 
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Carbonat  of  lead,  according  to  the  experiments  of  Chap.  III. 
Bergman,  is  composed  of  i6  acid  Compo«. 

84  white  oxide 


100  * 


This  result  nearly  coincides  with  the  experiments  of 

Chenevix,  who  found  carbonat  of  lead  to  be  composed 

of  T  •  •  .  .  .  t  •  •  15  Jicid 

85  oxide 


ICO  t 


According  to  Bergman,  132  parts  of  carbonat  of  lead 
contain  ipo  parts  of  metallic  lead. 

Sp.  9.    ^netiiat  of  Lead, 

Arsenic  acid  attacks  lead  in  a  digesting  heat,  com- 
municates a  portion  of  its  oxygen,  and  converts  it  into 
arseniat  of  lead  in  the  state  of  an  insoluble  white  pow- 
der. When  arsenic  acid  is  poured  into  the  solution  of 
lead  in  nitric,  muriatic,  or  acetous  acids,  arseniat  of  lead 
precipitates  in  powder.  When  this  salt  is  heated  it 
melts and  if  charcoal  be  thrown  into  the  mass  while 
in  fusion,  arsenic  is  volatilized,  and  the  lead  is  reduced  i 
the  charcoal  abstracting  the^  oxygen  from  both  of  the 
component  parts  of  the  salt. 

Arseniat  of  lead  isi  completely  insoluble  in  water. 
It  has  been  found  native.  According  to  the  analysis 
of  Chenevix,  it  is  composed  of  33  acid  Composi- 

63  white  oxide 
4  water 

100  J  ' 


tlOQ. 


*  Bergman,  ii,  393.  f  Nicholson's  Journal^  iv.  ajj, 
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pivisionir.  Sp.  10.    Molybdat  of  Lead. 

The  action  of  molybdic  acid  on  lead  has  not  been 
tried  J  but  Scheele  ascertained,  that  when  dropt  into  the 
solution  of  lead  in  nitric  or  muriatic  acid,  molybdat  of 
lead  was  immediately  precipitated*.  This  salt  occurs 
native  in  Carinthia.  Its  composition  was  first  detected 
ty  Klaproth. 

It  has  a  yellow  colour,  and  is  completely  insoluble  in 
water.  Its  specific  gravity  is  5.706  f.  Its  crystals 
are  cubic  or  rhomboidal  plates.  When  heated,  it  de- 
crepitates and  melts  into  a  yellowish  mass.  It  is  solu- 
ble in  fixed  alkalies  and  in  nitric  acid.  Muriatic  acid 
decomposes  it  by  the  assistance  of  heat,  and  carries  off 
the  lead.  According  to  the  analysis  of  Klaproth,  it  is 
composed  of  about  .  .  .  34.7  acid 

65.3  oxide 

100. o  X 

Sp.  II.    Chromat  of  Lead. 

This  salt  may  be  formed  by  mixing  together  the  so- 
lutions of  nitrat  of  lead  and  an  alkaline  chromat.  The 
chromat  of  lead,  in  that  case,  precipitates  in  the  state  of 
a  red  powder ;  but  it  exists  native,  and  is  indeed  the 
compound  from  which  chromic  acid  is  usually  ob- 
tained. 

Its  colour  is  red  with  a  shade  of  yellow  ;  and  its  cry- 
stals are  four-sided  prisms,  sometimes  terminated  by 
four-sided  pyramids.    Ics  specific  gravity  is  about  6. 


*  Scheele,  i.  246. 
4  Peitrage,  ii.  275. 


\  Hatchctt,  Phil.  Trans,  1796. 
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It  is  insoluble  in  water,  but  soluble  in  the  fixed  alkalies  Chap.lIL 
.  .  ...  y  '\  ^ 

without  decomposition.    Nitric  acid  also  dissolves  it ; 

but  muriatic  and  sulphuric  acids  decompose  it,  precipi- 
tating the  lead  in  the  state  of  muriat  or  sulphat.  Ac- 
cording to  the  analysis  of  Vauquelin,  it  is  composed  of 

about  34.9  acid 

65.1  oxide 

100.0* 


Sp-  12.    j4cetite  of  Lead 

Acetous  acid,  as  Vauquelin  has  shewn,  does  not 
uttack  lead  in  close  vessels  ;  but  it  occasions  its  oxida- 
tion when  the  lead  is  in  contact  both  with  the  acid  and 
the  air,  and  the  oxide  is  dissolved  as  it  forms.  The 
acetite  of  lead  which  is  produced  by  this  solution  has 
been  long  known.  It  is  mentioned  by  Isaac  HoUandus 
and  Raymond  Lully.  It  received  formerly  a  great  va- 
riety of  names ;  such  as,  sugar  of  leady  sugar  of  Saturn^ 
salt  of  Saturn.,  vinegar  of  Saturn^  extract  of  Saturn^  &c. 
The  solution  of  lead  in  acetous  acid  was  strenuously  re- 
commended by  Goulard,  a  surgeon  of  Montpelier,  as 
an  excellent  application  iti  cases  of  inflammation.  Hence 
it  is  often  called  Goulard^ s  extract. 

This  salt  is  employed  in  considerable  quantities  by  Formatio*. 
dyers  and  calico  printers.  They  mix  it  with  alum  or 
with  sulphat  of  iron,  and  by  that  means  compose  ace- 
tite of  alumina  or  of  iron,  according  to  the  process  j 
salts  which  answer  much  better  as  mordants  for  fixing 
their  colours  than  alum  or  green  vitriol.  It  is  prepared 
in  considerable  quantities  both  in  this  country  and  in 


♦  Jour,  dc  Mil.  No.  xxxiv.  p.  760. 
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Book  IL    Holland  and  France.    The  manufacturers  distil  their 

Division  H.  .  . 

Y  >  own  acid  in  England  and  Holland  from  sour  beer,  and 

in  France  from  sour  wine.  The  different  processes  fol- 
lowed hy  manufacturers  have  been  described  by  We- 
ber and  Machj,  and  more  lately  by  Pontier  *. 

These  processes  may  be  reduced  to  two  ;  either  lead 
in  the  metallic  state  is  exposed  to  the  action  of  the  ace- 
tous acid,  or  the  oxides  of  lead  dre  dissolved  in  it.  In 
the  first  case,  thin  plates  of  lead  are  put  into  earthen 
vessels  along  with  acetous  acid.    The  portion  of  the 
lead  near  the  surface,  as  soon  as  it  is  covered  with  a 
coat  of  oxide»  is  removed  to  the  bottom  of  the  vessel, 
and  new  plates  are  brought  to  the  surface.    These  are 
incrusted  in  their  turn,  and  removed  to  the  bottom, 
where  the  oxide  is  dissolved.    This  change  of  place  i^ 
continued  daily  till  the  acid  has  dissolved  a  sufficient 
quantity  of  lead.    It  is  then  filtered,  and  sufficiently 
concentrated  by  evaporation.  As  it  cools,  the  acetite  of 
lead  precipitates  in  small  crystals. 
'  Other  manufacturers  dissolve  the  white  oxide  of  lead, 
prepared  by  exposing  the  metal  to  the  fumes  of  vine- 
gar ;  or  they  make  use  of  litharge  in  its  stead,  and  the 
solution  is  evaporated  in  the  usual  way  till  the  salt  cry- 
stallizes.  This  process  is  considered  as  more  expensive 
than  the  other:  But  might  not  native  carbonat  of  lead> 
which  is  found  abundantly  in  many  places,  be  employed 
with  advantage  instead  of  these  artificial  oxides  ? 
Properties,       Acetite  of  lead  is  usually  in  the  form  of  small  needle- 
shaped  crystals,  which  have  a  glossy  appearance  like 
satin,  and  are  flat  four- sided  prisms,  terminated  by  di- 
hedral summits.  Its  taste  is  sweet  and  somewhat  astrin- 


♦  Ann.  dt  Ckim.  xxxvii.  368. 


:gent.  Its  specific  gravity  is  2.345  *.  It  is  but  spa-  Chap. III. 
ringly  soluble  in  water,  unless  there  be  an  excess  of  ^~~~v— — 
acid.  When  exposed  to  the  air  it  becomes  yellow,  but 
undergoes  no  farther  change.  Heat  decotnposes  it^ 
When  distilled,  there  comes  over  an  acid  liquor,  which 
is  the  acetous  considerably  altered ;  and  the  residuum, 
according  to  Proust,  often  takes  fire  spontaneously  when 
exposed  to  the  air.  This  salt  is  decomposed  by  all 
those  acids  and  their  compounds,  which  form  with  lead 
SI  salt  nearly  insoluble  in  water  ;  as  the  sulphuric,  phos- 
phoric, muriatic,  fluoric,  oxalic,  mr.lic,  Sec. 

Sp.  13.    Oxalat  of  Lead. 

Oxalic  acid  blackens  lead,  but  it  is  scarcely  capable 
of  dissolving  it ;  but  it  dissolves  its  white  oxide,  and 
when  nearly  saturated  deposites  small  crystalline  grains 
of  oxalat  of  lead.  The  same  crystals  are  precipitated 
when  oxalic  acid  is  dropt  into  the  nitrat,  muriat,  or  a- 
eetite  of  lead  dissolved  in  water.  They  are  insoluble 
in  alcohol,  and  scarcely  soluble  in  water,  unless  they 
contain  an  excess  of  acid.  They  are  composed,  ac- 
cording to  Bergman*s  analysis,  of  about 

41.2  acid 
58.8  oxide 

100. of 
Sp.  14.     "Tartrite'of  Lead-. 

Tartarous  acid  has  no  action  on  lead ;  but  it  com- 
bines with  its  oxide,  and  precipitates  tartrite  of  lead  in 
the  state  of  an  insoluble  white  powder,  from  the  nitrat. 


•  Hassenfratz,  Ann,  dc  Chim.  xxviii.  1%, 


f  Bergman,  L  267. 
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Book  II.    muriat,  and  acetite  of  that  metal.    According  to  tli<! 
^        analysis  of  Thenar t,  it  is  composed  of 

34  acid 

66  white  oxide 


100  *. 


.5^.  1 5-.     "Tartrite  of  Potass-and-lead. 

This  triple  salt  may  be  formed  by  boiling  tartar  and 
oxide  of  lead  together  in  water.  Thenart  informs  us 
that  it  is  insoluble,  and  that  it  is  neither  decomposed  by 
alkalies  nor  by  sulphats  f . 

Sp.  16.    Malat  of  Lead. 

Malic  acid  does  not  attack  lead  ;  but  when  poured 
into  a  solution  of  lead  in  nitric  or  acetous  acid,  malat  of 
lead  is  immediately  precipitated  J  ;  and  likewise,  as 
Vauquelin  has  observed,  when  acetite  of  lead  is  poured 
into  a  solution  containing  malat  of  lime.  This  precipi- 
tate is  easily  distinguished  by  the  form  of  fine  light 
flakes  which  it  has,  and  by  the  facility  with  which  it  i| 
dissolved  by  the  acetous  and  weak  nitric  acids  ^. 

iSj^.  17.    Lad  at  of  Lead. 

Lactic  acid,  when  digested  upon  lead  for  several 
days,  dissolves  it.  The  solution  has  a  sweet  and  astrin- 
gent taste,  and  does  not  crystallize  ||. 

Sp.  Mucite  of  Lead. 

When  mucous  acid  is  dropt  into  the  solution  of  lead 


*  Aim.  de  Clim.  xxxviii.  37.  f  Ibid.  p.  36. 

\  Scheele,  Crell's  Annals^  ii.  7.  Engl.  TransL 

§  Ann.  de  Chim.  xxxv,  ijj.  ||  Schecle,  ii.  66i 
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la  muriatic  or  nitric  acids,  a  white  insoluble  precipitate  ^  Chap.  III. 
is  produced  *. 

Sp.  19.    Benzoat  of  Lead. 

Benzoic  acid  dissolves  lead  with  difficulty.  The 
solution  yields  by  evaporation  crystals  of  benzoat  of 
lead  of  a  brilliant  white  colour,  soluble  in  alcohol  and 
water  ;  not  altered  by  exposure  to  the  air,  but  decom- 
posed by  heat,  which  drives  off  their  acid.  The  sul- 
phuric and  muriatic  acids  separate  the  lead  f . 
I. 

Sp.  20.    Succiaat  of  Lead. 

Succinic  acid  scarcely  attacks  lead,  but  it  dissolved 
its  white  oxide ;  and  the  solution,  according  to  Wenzel, 
yields  long  slender  foliated  crystals  J. 

Sp.  in    Sebat  of  Lead. 

Sebacic  acid  oxidates  lead,  and  dissolves  a  good  deal 
t)f  its  oxide.  It  precipitates  lead  from  its  solution  in 
nitric  and  acetous  acids  in  the  form  of  white  needle- 
shaped  crystals,  soluble  in  water  and  in  acetous  acid^. 

Genus  IX.   Salts  of  Nickel. 

The  scarcity  of  nickel,  and  the  difficulty  of  obtain- 
ing it  in  a  state  of  purity,  have  hitherto  prevented  the 
possibility  of  an  accurate  examination  of  the  combina- 
tions which  its  oxide  forms  with  acids.  The  salts  of 
tiickel,  therefore,  are  at  present  but  very  imperfectly 


*  Scheele,  K.  80.  f  Trommsdorf,  Ann.  de  Chim.  xi.  316, 

X  Wenzers  Ver-wand,  p. 3M.        $  Crell,  Fbil.  Trans,  lydi. 
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Book  U.  known.  They  may  be  distingxiislicd  by  the  following 
Division  II. 

I—,  .  properties  : 

Characters.       i.  Its  salts  are  in  general  soluble  in  water,  and  the 
solution  has  a  beautiful  green  colour. 

'a.  Triple  prussiat  of  potass,  when  dropt  into  these 
solutions,  occasions  a  precipitate  of  a  dull  green  colour. 

3.  The  hydrosulphuret  of  potass  occasions  a  black 
precipitate. 

4.  Sulphurated  hydrogen  gas,  according  to  Proust, 
occasions  no  precipitate. 

5.  Gallic  acid,  and  the  infusion  of  nutgalls,  occasion 
a  greyish  white  precipitate. 

6.  Iron,  zinc,  tin,  manganese,  or  cobalt,  when  plun- 
ged into  these  solutions,  occasion  a  precipitate  of  nickel 
in  the  metallic  state. 

Sp.  I.    SulpJjat  of  "Nickel. 

Sulphuric  Acm  attacks  nickel  by  rhe  assistance  of 
heat.  When  distilled  over  it  to  -dryness,  there  remains 
behind  a  green  mass  soluble  in  water,  and  yielding  by 
evaporation  crystals  of  sulphat  of  nickel.  This  acid 
dissolves  the  oxide  of  nickel  with  lacility,  and  yields 
by  evaporation  the  same  salt.  The  sulphat  of  nickel 
has  a  fine  green  colour,  and  crystallizes  in  decahedrons 
composed  of  two  four-sided  pyramids  applied  bnse  to 
base,  and  truncated  at  their  apexes*.  Fourcroy  in- 
forms us  that  he  has  seen  this  salt,  prepared  by  Leblanc, 
crystallized  in  large  four-sided  rectangular  piisms. 

Sp.  1.  "  Nit  I  at  of  Nickel. 
Nitric  acid  dissolves  nickel  or  its  oxide  when  as- 


*  Bergman,  ii.  z68. 


KICKEL. 

sisted  by  heat.  The  solution  has  a  bluish-green  co-  Chap.  in. 
lour,  and  yields  by  evaporation  nitrat  of  nickel  in  the 
form  of  rhomboidal  crystals,  which,  on  exposure  to  the 
air,  at  first  deliquesce,  but  afterwards  fall  to  powder, 
and  gradually  lose  their  acid,  so  that  only  the  oxide  o^ 
nickel  remains  behind*. 

Sp.  3.    Muriat  of  Nickel. 

Muriatic  acid  dissolves  nickel  and  its  oxide  slowly, 
and  the  assistance  of  heat  is  necessary.  The  solution, 
which  has  a  green  colour,  yields  when  evaporated  irre- 
gular crystals  of  muriat  of  nickel,  which  are  decompo- 
sed by  heat  and  by  long  exposure  to  the  air,  though  at 
first  they  deliquesce  like  nitrat  of  nickel -f-. 

Sp.  4.    Phosphat  of  NickeL 

Phosphoric  acid  is  capable  of  dissolving  only  a  very 
•  small  portion  of  the  oxide  of  nickel.  The  solution  does 
:  not  yield  crystals,  and  has  scarcely  even  a  green  co- 
]  lour  J.  Hence  it  would  seem  that  the  phosphat  of 
i  nickel  is  nearly  insoluble. 

Sp.  ^.    Fluat  of  Nickel. 

Fluoric  acid  dissolves  nickel  with  difficulty,  and 
tthe  solution  yields  light  green-coloured  crystals  §. 

Sp.  6.  and  7.    Borat  and  Carhonat. 

Boracic  acid  can  only  be  combined  with  nickel  by 
imixing  an  alkaline  borat  with  a  solution  of  hickel  in 
psome  acid. 

It  does  not  appe^tr  from  the  experiments  of  Berg- 
*  Bergman,  ii.  a68.  t  Ibid.  \l\ni.  J  Ibid. 
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Book  II.    nian  that  carbonic  acid  is  capable  of  combining  with 

Division  II.      .  .  .  ° 

*  '  y        nickel  directly  ;  but  when  loo  parts  of  nickel  are 

thrown  down  from  their  solution  in  acids  by  an  alka- 
line carbonat,  they  weigh  135  ;  whereas  they  weigh 
only  128  wlien  thrown  down  by  a  pure  alkali*.  Hence 
we  may  conclude  that  the  carbonat  of  nickel  is  compo- 
sed of  about  95  oxide 

5  acid 


100 


Sp.  8.    jirseniat  of  Nickd. 

When  arsenic  acid  is  digested  on  nickel,  the  metal  is 
J>artly  oxidated,  and  the  arseniat  of  nickel  separates  in 
the  form  of  a  greenish  powder  scarcely  soluble  in  wa- 
ter. Nickel  is  not  precipitated  from  its  solution  in 
acids  by  arsenic  acid  ;  but  when  the  alkaline  arseniats 
are  employed,  arseniat  of  nickel- falls  in  the  state  of  a 
greenish- white  powder f. 

Sp.  9.    Acetite  of  N'ulel. 

Acetous  acid  dissolves  nickel,  and  forms  with  its 
oxide  rhomboidal  crystals  of  a  very  green  colour  |. 

Zp.  10.    Oxalat  of  Nickel. 

Oxalic  acid  attacks  nickel  at  a  digesting  heat,  and 
a  greenish-white  powder  is  deposited,  which  is  the  ox- 
alat of  that  metal.  The  same  salt  is  precipitated  when 
oxalic  acid  is  dropt  into  the  solution  of  nickel  in  sul- 
phuric, nitric,  or  muriatic  acids.    It  is  scarcely  soluble 


*  Bergman,  ii.  392.  f  Schcelc,  L  187. 

%  Bergman,  ii.  a68. 
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in  water,  and  is  composed,  according  to  Bergman,  of  Chap.  nr. 
two  parts  of  acid  to  one  of  metal  *.  '  * 

-S^.  II.     Tartrite  of  Nickel. 

Tartarous  acid  does  not  attack  nickel  f.  The 
compound  which  it  forms  with  its  oxide  has  not  been 
examined.  Neither  are  we  acquainted  with  anj  of  the 
remaining  species  of  the  salts  of  nickel. 

Genus  X.    Salts  of  Zfnc. 

Almost  all  the  acids  act  with  energy  on  zinc,  in 
consequence  of  tlie  strong  affinity  which  it  has  for  oxy- 
gen. The  salts  of  zinc,  therefore,  are  very  easily 
formed,  and,  as  there  is  only  one  oxide  of  that  metal, 
they  are  not  liable  to  change  their  state,  like  the  salts 

.  of  iron  and  tin.    They  may  be  distinguished  by  the 

;  following  properties  : 

1.  The  greater  number  of  them  are  soluble  in  water.  Characters. 
J  and  the  solution  is  colourless  and  transparent. 

2.  Triple  prussiat  of  potass  occasions  a  white  preci- 
jpitate  when  dropt  into  these  solutions. 

3.  Hydrosulphuret  of  potass  and  sulphurated  hydro- 
jgen  gas  occasion  a  white  precipitate. 

4.  Gallic  acid  and  the  infusion  of  nutgalls  occasion 
mo  precipitate  when  dropt  into  these  solutions. 

5.  Alkalies  occasion  a  white  precipitate,  which  is 
rreadily  dissolved  by  sulphuric  or  muriatic  acid. 

6.  It  is  not  precipitated  in  the  metallic  form  by  any 
Bpf  the  other  metals,  unless  manganese  be  an  exception. 


♦  Bergman,  u  269.  f  Ibi4. 
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Division  II.  Sp.  I.    Sulphat  of  Zinc, 

Concentrated  sulphuric  acid  scarcely  acts  upon 
zinc  without  the  assistance  of  heat ;  but  if  it  be  suffi- 
ciently diluted  with  water,  it  attacks  the  metal  with 
force  ;  hydrogen  gas  is  emitted,  and  the  zinc  is  very 
speedily  dissolved.    In  this  case  the  water  is  decompo- 
sed ;  its  oxygen  combines  with  the  metal,  while  its  hy- 
drogen is  exhaled.    When  the  solution  is  sufficiently 
concentrated  by  evaporation,  it  yields  the  sulphat  of 
zinc  in  crystals.  ■ 
History.         This  salt,  according  to  the  best  accounts,  was  discor 
vered  at  Rammelsberg  in  Germany  about  the  middle 
of  the  1 6th  century.    Many  ascribe  the  invention  to 
Julius  Duke  of  Brunswick.    Henkel  and  Newmann 
were  the  first  chemists  who  proveji  that  it  contained 
zinc  ;  and  Brandt  first  ascertained  its  composition  com- 
pletely*.   It  is  generally  formed  for  commercial  pur- 
poses from  sulphurated  oxide  of  zinc,  or  blende  as  it  is 
called  by  mineralogists.    This  ore  is  roasted,  which 
converts  the  sulphur  into  an  acid  ;  it  is  then  dissolved 
in  water,  and  concentrated  so  much  that,  on  cooling,  it 
crystallizes  very  rapidly,  and  forms  a  mass  not  unlike 
loaf-sugar.    This  salt  is  usually  called  white  vitriol. 
It  is  almost  always  contaminated  with  iron.  Hence 
the  yellow  spots  which  are  visible  on  it,  and  hence  also 
the  reason  that  its  solution  in  water  lets  fall  a  dirty 
brown  sediment ;  a  circumstance  very  much  complain- 
ed of  by  surgeons  when  they  use  that  solution  in  medi- 
Purifica-   cine.    It  may  be  easily  purified  by  dissolving  it  in 
water,  and  puttmg  into  the  solution  a  quantity  oi  zinc-. 


»  Beckmann's  History  of  Inventions,  art.  Z/w. 
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filings  ;  taking  cace  to  agitate  it  occasionally.    The    Chap.  lit, 
zinc  precipitates  all  the  iron,  and  takes  its  place.  The 
solution  is  then  to  be  filtered,  and  the  sidphat  of  zinc 
may  be  obtained  from  it  in  crystals  by  proper  evapora- 
tion. 

This. salt  when  crystallized  is  transparent  andGolour-  Properties, 
kss.  Its  crystals  are  four-sided  flat  prisms,  terminated 
by  quadrangular  pyramids.  Two  opposite  edges  of  the 
prism  are  commonly  replaced  by  small  faces,  which  ren-> 
ders  the  prism  six-sided  *.  Its  specific  gravity  when 
crystallized  is  1.912,  when  in  tbc  state  in  which  it 
commonly  occurs  in  commerce,  it  is  1.3275  f . 

At  the  temperature  of  60°,  it  is  soluble  in  2.28  parts 
of  water  j  but  it  is  much  more  soluble  in  boiling  water  J. 
When  exposed  to  the  air,  it  effloresces..  When  heated, 
it  melts  and  speedily  loses  its  water  of  crystallizatio.ni^ 
and,  in  a  very  high  temperature,  loses,  part  of  its  aicid.. 

According  to  the  calculatio,u  of  BergmJtn,  this  salt  is 

composed  of  40  acid  '  Composl- 

30  oxide 
40  water 


tion. 


According  to  Kirwan,  it  is  composed  of  20.5  acid 

40.0  oxide 
395  water 


100.0  II 

According  to  the  same  philosopher,  100  parts  of  the 
crystalUzed  salt  contain  30  parts  of  metallic  zinc. 


*  Bergman,  ii.  327.  f  Hassenfratz,  Ann.  de  Chun,  xxviii.  13. 

\  Bergman  ii.  328.  \  Ibid. 

\  Kirwan's  Mineral  Waters,  Table  iv. 
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Division  II.  iS^.  2.    Sulphite  of  Zinc. 

Hitherto  the  combinations  which  the  sulphurous 
acid  forms  with  metallic  oxides  have  been  examined  only 
by  Berthollet  and  Fourcroy  and  Vauquelin.  To  these 
chemists  we  are  indebted  for  the  discovery  that  the 
greater  number  of  metallic  sulphites  are  capable  of  com- 
bining with  a  quantity  of  sulphur,  and  of  forming  a  sul- 
Twovaric-  phurated  sulphite.    This  is  the  case  in  a  remarkable 

ties  of  sul-      ,  •  1    1         1  1  •        r  • 

phited  zinc  degree  with  the  sulphite  of  zinc. 

I.  Sulphurated  sulphite.  Sulphurous  acid  attacks 
zinc  with  considerable  violence,  heat  is  produced,  and 
sulphurated  hydrogen  gas  is  exhaled.  The  solution  has 
an  acrid,  astringent,  sulphureous  taste.  When  exposed 
to  th^  air,  it  becomes  thick  like  honey,  and  deposites 
long  slender  crystals  in  the  form  of  four-sided  prisms, 
terminated  by  four-sided  pyramids.  These  are  crystals  of 
sulphurated  sulphite  of  zinCf  as  Fourcroy  and  Vauquelin 
have  proved.  They  are  soluble  in  water  and  in  alcohol. 
When  exposed  to  the  air,  they  become  white,  and  de- 
posite  a  white  insoluble  powder.  Before  the  blow-pipe 
the  salt  swells,  emits  a  brilliant  light,  and  forms  den- 
dritical  ramifications.  When  distilled,  it  yields  water, 
sulphurous  acid,  sulphuric  acid,  and  sulphur;  and  there 
remain  behind  oxide  of  zinc  and  a  little  sulphat  of  that 
metal.  Sulphuric,  nitric,  and  muriatic  acids,  when  pour- 
ed into  its  solution  in  water,  drive  off  the  sulphurous 
acid,  while  a  quantity  of  sulphur  precipitates.  The 
theory  of  the  formation  of  this  salt  is  obvious.  During 
the  solution  of  the  zinc,  both  water  and  sulphurous  acid 
were  decomposed  ;  the  oxygen  of  both  combined  with 
the  metal ;  the  hydrogen  escaped  combined  with  a  por- 
tion of  the  sulphur  of  the  decomposed  acid,  and  the  rest 
pf  the  sulphur  combined  with  the  sulphite  as  it  formed 
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2.  Sulphite  of  zinc.  Sulphurous  acid  dissolves  the  Chap. IIL 
oxide  of  zinc  with  the  evolution  of  heat,  but  without 
effervescence.  The  solution  yields  crystals  of  sulphite 
of  zinc.  These  crystals  have  a  less  acrid,  but  more 
styptic  taste  than  sulphurated  sulphite.  They  are  less 
soluble  in  water,  and  more  easily  crystallized.  They 
are  insoluble  in  alcohol.  When  exposed  to  the  air,  they 
are  very  soon  changed  into  sulphat  of  zinc  j  whereas  the 
•  sulphurated  sulphite  remains  long  unchanged. 

When  a  mixture  of  sulphur  and  white  oxide  of  zinc 
is  treated  with  sufphurous  acid,  the  product  is  a  sulphu- 
rated  sulphite  *. 

S/>.  3.    Nit  rat  of  Zinc. 

Nitric  acid  attacks  zinc  with  prodigious  violence, 
and  has  been  known  even  to  inflame  it.  It  is  necessary 
to  moderate  its  action  by  using  it  in  a  diluted  state : 
even  then  considerable  heat  is  evolved,  and  a  strong 
effervescence  is  occasioned  by  the  escape  of  nitrous  gas. 
.  The  solution  is  caustic,  and  yields  By  evaporation 
flat  striated  tetrahedral  prisms,  terminated  by  four-sided 
pyramids.  The  specific  gravity  of  these  crystals  is 
2.og6  f .  They  attract  moisture  when  exposed  to  the 
air.  When  heated,  they  melt  and  detonate  on  burning 
coals,  emitting  a  red  flame.  When  distilled,  they  emit 
red  vapours  of  nitrous  acid,  and  assume  a  gelatinous 
form.  In  a  strong  heat,  they  are  decomposed  completely, 
giving  out  nitrous  gas  and  oxygen  gas  f . 

Sp.  4.    Muriat  of  Zinc. 
Muriatic  acid  dissolves  zinc  rapidly  and  with 


*  Fourcroy,  v.  380. 
^  Fourcroy,  v.  38^. 


f  Hasaenfratz,  Am.  d:  Chim.  xxviii.  la. 
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The  solution  is  colourless ;  and  when  evaporated,  does 
not  crystallize,  but  assumes  the  form  of  a  jelly.  When 
distilled,  a  little  of  its  acid  separates,  and  muriat  of  zinc 
lemains  behind  in  a  solid  mass,  easily  fusible.  It  was 
formerly  known  by  the  name  of  butter  of  %inc.  When 
heated,  it  sublimes,  and  is  obtained  in  a  mass  of  a  fine 
white  colour,  composed  of  small  needles.  Its  specific 
gravity  is  1.577  *•  It  is  very  soluble  in  water,  and 
when  exposed  to  the  air,  gradually  attracts  moisture, 
and  assumes  a  gelatinous  consistence.  Sulphuric  acid 
decomposes  it,  and  the  alkalies  precipitate  the  whole 
oxide  of  zinc  from  its  solution  f . 

Sp.  5.    Phosphat  of  Zinc 

Phosphoric  acid  attacks  zinc  with  effervescence, 
and  a  white  powder  is  gradually  deposited,  which  is  the 
phosphat  of  xinc.  The  salt  may  be  formed  also  by 
pouring  an  alkaline  phosphat  into  the  solutions  of  sul- 
phat,  nitrat,  or  muriat  of  zinc.  Its  properties  have  not 
been  examined,  but  it  appears  to  be  nearly  insoluble  in 
water. 

Sp.  6.    Fluat  of  Zinc. 

Fluoric  acid  attacks  zinc  with  violence^  hydrogen 
gas  is  emitted,  and  the  metal  is  oxidated  and  dissolved. 
The  properties  of  the  fluat  thus  formed  have  not  been 
examined  \. 

Sp.  7.    Borat  of  Zinc. 
BoRAcic  acid  scarcely  attacks  zinc;  but  it  com- 


*  Hassenfratz,  Ann.  de  Cbim,  xxviii.  13.  ■)■  Fourcroy,  v.  383. 

%  Scbccle,  i.  35. 
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bines  with  Its  oxide,  and  forms  with  it  an  insoluble 
horat  of  sn'nc.  This  salt  may  be  precipitated  by  pour- 
ing borat  of  soda  into  the  nitrat  or  muriat  of  zinc. 

Sp.  8.    Carhonat  of  Zinc. 

gj-  Lk^uio  carbonic  acid,  confined  in  a  vessel  with 
zinc  or  its  oxide  reduced  to  the  state  of  a  fine  powder, 
dissolves  a  considerable  portion  of  it ;  and  the  solution, 
when  exposed  to  the  air,  is  gradually  covered  with  an 
iridescent  pellicle  of  oxide  of  zinc  *.  The  carbonat  of 
;zinc  may  be  obtained  in  the  state  of  a  white  powder, 
by  precipitating  zinc  from  its  solution  in  acids  by 
means  of  an  alkaline  carbonat.  According  to  the  ana- 
iysis  of  Bergman,  native  carbonat  of  zinc  is  composed  of 

23  acid 

66  oxide 
6  water 

100  X 

Sp.  9.    Anenlat  of  Zhic. 

When  arsenic  acid  is  poured  upon  zinc,  an  efferves- 
cence ensues,  arsenical  hydrogen  gas  is  emitted,  and  a 
black  powder  precipitates,  which  is  arsenic  in  the  me- 
tallic state.  Hence  we  see  that  the  zinc  deprives  both 
a  portion  of  water  and  of  arsenic  acid  of  their  oxygen. 
When  one  part  of  zinc-filings  and  two  parts  of  dry 
arsenic  acid  are  distilled  in  a  retorr,  a  violent  detonation 
takes  place  when  the  retort  becomes  red,  occasioned  by 
the  sudden  absorption  of  the  oxygen  of  the  acid  by  the 
zinc.    The  arseniat  of  zinc  may  be  precipitated  by 


*  Bergman  i.  35. 


\  Opusc.  iL  3j6. 
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'  ing  the  solution  of  the  alkahne  arseniats  with  the  sul- 

phat  of  zinc.  It  is  a  white  powder,  insoluble  in  water*. 

Sj).  10,  1 1,  and  I2. 

Bt  the  same  process  may  the  tungstat,  molybdat^ 
and  chromat  of  zinc  be  obtained.  They  also  are  in- 
soluble in  water :  the  first  two  are  white,  the  last  of  an 
orange-red  colour. 

Sp.  13.    Acetite  of  Zinc. 

Acetous  acid  readily  dissolves  zinc,  and  yields  by 
evaporation  crystals  of  acetite  of  zinc,  which  were  first 
mentioned  by  Glauber.  This  salt  has  a  bitter  metallic 
taste.  Its  crystals  are  rhomboidal  or  hexagonal  plates, 
of  a  talky  appearance.  It  is  not  altered  by  exposure  to 
the  air ;  it  is  soluble  in  water.  When  thrown  upon  live 
coals,  it  burns  with  a  blue  flame.  When  distilled,  it 
yields  water,  an  inflammable  liquid,  and  some  oil,  and 
towards  the  end  of  the  process  oxide  of  zinc  sublimes  t» 

Sp.  14.    Oxalat  of  Zinc. 

Oxalic  acid  attacks  zinc  with  a  violent  efFerve&r 
cence,  and  a  white  powder  soon  subsides,  which  is 
oxalat  of  zinc.  The  same  salt  is  precipitated  when 
oxalic  acid  is  dropt  into  the  solution  of  sulphat,  nitrat, 
or  muriat  of  zinc.  This  salt  is  scarcely  soluble  in  wa- 
ter, unless  there  be  an  excess  of  acid 

Sp.  15.    Tartrite  of  Zinc. 
Tartarous  acid  attacks  zinc  with  e{Fervescencc, 


*  Scheclc,  i.  1 81.      f  Encycl.  Method.  Cbim,  i.  23,       \  Bcrgm.  i  a?!, 
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and  forms  with  it  a  salt  difficultly  soluble  in  water,  the  Chap.liL 
properties  of  which  have  not  been  examined  *. 

Sj).  16.    "Tartrite  of  Potass-and-zinc. 

This  salt  may  be  formed  by  boiling  together  tartar 
ipind  zinc  filings  in  water.    It  is  very  soluble  in  water, 
and  not  easily  crystallized.    No  precipitation  is  produ- 
ced in  its  solution  by  the  alkalies  or  their  carbonats  f . 

Sp.  I 'J.    Citrat  of  Zinc. 

Citric  acid  attacks  zinc  with  effervescence,  and 
gradually  deposites  small  brilliant  crystals  of  citrat  of 
zinc.  They  are  insoluble  in  water,  and  have  a  styptic 
and  metallic  taste.    They  are  composed  of 

50  acid 
50  oxide 

100% 

Sp.  18.    Malat  of  Zinc, 

Malic  acid  dissolves  zinc,  and  yields  by  evapora- 
tion beautiful  crystals  of  malat  of  zinc  {. 

Sp,  ig.    Lactat  of  Zinc, 

Lactic  acid  dissolves  zinc  with  effervescence,  and 
die  salt  formed  is  capable  of  crystallizing  ||. 

Sp.  20.    Benzoat  of  Zinc, 
Zinc  is  readily  dissolved  by  benzoic  acid.    The  so- 

*  Dijon  Academicians. 

\  Dijon  Academicians ;  and  Thenart,  Ann.  de  Cb'm.  xxxviii.  35. 

\  Vauquclin,  Fourtroy,  vii.  209. 

§  Schccle,  Crell's  Annah,  ii.  10.  Engl.  TransL 

H  Scheele,  ii.  65. 
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alcohol.  When  exposed  to  hear,  their  acid  is  volati- 
lized *. 

Sj).  21.    Succlnat  of  Zinc. 

SucciKic  ACID  dissolves  zinc  with  effervescence ; 
and  the  solution  yields  long  slender  foliated  crystals, 
the  properties  of  which  have  not  been  examined  f . 

Sp.  22.    Sebat  of  Zinc. 

Sebacic  acid  dissolves  zinc  with  great  facility;  but 
the  resulting  salt  has  not  been  examined  I. 


Genus  Xf.    Salts  of  Bismuth. 

The  salts  of  bismuth  have  not  been  examined  with 
much  attention  by  chemists  ;  indeed  bismuth  and  its 
combinations  have  been  hitherto  very  much  neglected. 
These  salts  may  be  distinguished  by  the  following  pro- 
perties : 

Characters.  "^be  solution  of  bismuth  in  acids  is  usually  co- 

lourless.   When  water  is  poured  into  it,  a  white  pre- 
1        cipitate  immediately  falls,  consjj^ng  chiefly  of  the 
white  oxide  of  bismuth. 

1.  Triple  prussiat  of  potass  occasions  in  these  solu- 
tions a  precipitate  of  a  wliite  colour,  sometimes  witli  a 
shade  of  yellow. 

3.  Hydrosulphuret  of  potass  and  sulphurated  hydro- 
gen gas  occasion  a  black,  precipitate. 


*  Tronujisdorf,  Ann,  de  Chim.  xi.  317. 
f  Wenzel's  F ertvanJ,  p.  33a 
t  Crcll)  PA;7.  Trans.  178a, 
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4.  Gallic  acid  and  the  infusion  of  nutgalls  occasion  Chap.  ill. 
an  orange-coloured  precipitate.  '  ' 

5.  When  a  plate  of  copper  or  tin  is  put  into  the  solu- 
tion of  bismuth,  this  last  metal  is  often  precipitated  in 
the  metallic  state. 

Sj).  I.   Sulphat  of  Bismuth. 

Sulphuric  acid  has  no  action  on  bismuth  while 
cold  ;  but  by  the  assistance  of  heat  it  converts  that  me- 
tal into  a  white  oxide,  while  at  the  same  time  sulphu- 
rous acid  is  exhaled,  and  even  sulphur  sublimed,  if  the 
heat  be  considerable.  When  the  saline  mass,  thus  form- 
ed, is  washed  with  water,  almost  the  whole  of  the  acid  is 
separated,  carrying  along  with  it  a  very  small  portion 
of  the  oxide  ;  and  this  lixivium  yields,  by  evaporation, 
small  crystals  in  needles,  which  are  decomposed,  and 
their  base  precipitated  when  any  attempt  is  made  to 
dissolve  them  in  water. 

Sp,  2.     Sulphite  of  Bismuth. 

Sulphurous  acid  does  not  attack  bismuth  ;  but  it 
combines  with  its  oxide,  and  forms  with  it  a  salt  in- 
soluble in  water  ev!|^  when  assisted  by  an  excess  of 
acid.  It  has  a  sulphureous  taste  j  and  before  the  blow- 
pipe no^elts  into  a  reddish  yellow' mass,  which  is  soon, 
reduced  upon  charcoal.  When  distilled,  the  acid  is  dri- 
ven off,  and  the  whole  oxide  remains  in  a  state  of  pu- 
rity *. 

5/>.  3.    Nitr at  of  Bismuth. 
Nitric  acid,  when  concentrated,  attacks  bismuth 


*  Fourcroy,  v.  304, 
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with  great  violence,  a  vast  quantity  of  nitrous  gas  id 
emitted,  the  metal  is  converted  into  a  white  oxide, 
much  heat  is  evolved,  and  sometimes  even  sparks  of 
jSre  are  darted  out  of  the  mixture.  When  the  acid  is 
diluted,  the  action  is  less  violent,  and  the  dxide  of  bis- 
muth is  dissolved  as  it  forms.  The  solution  is  colour- 
less ;  and  on  cooling  lets  fall  crystals  of  a  white  colour, 
and  generally  attached  to  each  other  in  the  form  of 
stars.  They  are  small  four-sided  prisms,  generally 
terminated  by  four-sided  summits. 

This  salt,  when  exposed  to  the  air,  attracts  a  little 
moisture,  and  its  surface  is  covered  with  a  crust  of 
white  oxide.  On  burning  coals  it  detonates  feebly, 
emitting  red  sparks,  and  leaves  a  yellowish  powder  not 
easily  reduced.  When  triturated  with  mercury  it  de- 
tonates loudly  *.  When  put  into  water  it  is  immedi- 
ately decomposed  j  that  liquid  absorbing  its  acid  and 
leaving  the  white  oxide  of  blsmut^i.  Hence  the  reason 
that  when  we  write  upon  paper  with  a  solution  of  bis- 
muth in  nitric  acid,  the  chara:cters,  at  first  invisible,  be- 
come white  when  the  paper  is  plunged  into  water,  as 
Brugnatelli  first  observed  f . 

When  the  solution  of  bismuth  in  nitric  acid  is  dilu- 
ted with  water,  the  greatest  part  of  the  metal  separates 
in  the  state  of  a  white  oxide.  In  this  state  it  was  for- 
merly known  by  the  name  of  magistery  of  hismuthy 
and  in  commerce  it  is  distinguished  by  the  appellation 
oi pearl  white.  To  obtain  it  of  a  fine  white  colour,  it 
is  necessary  to  employ  a  great  proportion  of  wafer,  and 
to  wash  the  precipitate  well. 


\  Ibid.  iiL  396 
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iS^.  4.    Muriat  of  Bismuth. 

Muriatic  acid  has  scarcely  any  action  on  bismuth 
while  cold  ;  but  when  distilled  off  that  metal,  previ- 
^  ously  reduced  to  powder,  it  gradually  oxidates,  and 
\  brings  it  to  the  state  of  a  white  powder.  Muriat  of  bis- 
j  muth  may  be  readily  formed  by  dissolving  the  metal 
i  in  nitro-muriatic  acid,  or  in  oxy-muriatic  acid.  When 
tthe  solutionis  evaporated,  it  \i  said  to  yield  small  pris- 
1  matic  crystals.  The  muriat  of  bismuth,  when  evapo- 
r  rated  to  dryness,  sublimes  by  the  application  of  a  mo- 
d  derate  heat^  and  forms  a  thick  concrete  mass,  readily 
c  melting  when  heated,  formerly  known  by  the  name  of 
I  hutter  of  bismuth.  It  was  prepared  also  by  distilling  a 
r  mixture  of  two  parts  of  oxy-muriat  of  mercury  and 
( one  part  of  bismuth  :  an  amalgam  of  bismuth  remains 
i  in  the  retort,  while  the  butter,  as  it  was  called,  sub* 
i  limes  *. 

^P'  S»  ^»  7»  ^• 

The  combinations  which  the  oxide  of  bismuth  forms 
mith  phosphoric,  fluoric,  boracic,  and  carbonic  acids, 
}  have  not  hitherto  been  examined  with  accuracy.  They  ^ 
imay  be  formed  by  pouring  into  the  solution  of  bismuth 
in  nitric  acid  the  alkaline  phosphats,  fluats,  borats,  or 
icarbonats.  The  salts  required  precipitate  in  the  state 
I  of  a  white  powder. 

5/).  9.    Arseniat  of  Bismuth. 

Arsenic  acid  oxidates  bismuth  by  a  digesting  heat ; 
s  and  the  metal  is  covered  with  a  white  powder,  which  is 


Chap.  III. 


♦  Poll,  Mem.  Tar.  1713. 
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•—V—-'       solution,  but  the  oxide  is  precipitated  by  the  addition 

of  water.    The  arseniat  of  bismuth  precipitates  when 

arsenic  acid  is  poured  into  the  nitrat  of  bismuth.  Tlie 

white  powder  thus  obtained  is  difficultly  fusible  ;  but 

when  heated  with  charcoal,  arsenic  sublimes,  and  the 

bismuth  is  reduced  *. 

Sj>.  10.    Acetite  of  Bismuth. 

Acetous  acid  has  but  little  action  on  bismuth  ;  but 
the  acetite  of  bismuth  may  be  obtained  by  mixing  to- 
gether the  solutions  of  nitrat  of  bismuth  and  acetite  of 
potass.  When  the  mixture  is  heated,  it  redissolves  the 
precipitate  which  had  at  first  formed,  and  at  the  same 
'  time  yields  a  number  of  thin  talky  crystals  resembling 

boracic  acid.  Morveau,  to  whom  we  are  indebted  for 
this  experiment,  has  ascertained  also,  that  the  addition 
of  acetous  acid  deprives  nitrat  of  bismuth  of  the  pro- 
perty of  affording  a  precipitate  when  diluted  with  wa- 
ter f. 

Sp.  II.    Oxalat  of  Bismuth. 

Oxalic  acid  scarcely  attacks  bismuth  ;  but  it  com- 
bines with  its  oxide,  and  forms  with  it  an  oxalat  in  the 
state  of  a  white  powder,  scarcely  soluble  iu  water. 
When  oxalic  acid  is  dropt  into  nitrat  of  bismuth,  small 
transparent  polygonous  grains  are  gradually  precipita- 
ted, which  possess  the  same  properties  as  the  white 
powder,  and  do  not  become  opaque  when  put  into  wa- 
ter %. 


*  Scheelc,  i.  184. 
\  Bergman,  i.  369. 


t  Encyc.  Method.  Cbim.  L  10. 


/ 


EISMUTH. 

Sp.  12.    Tartrite  of  Bismuth. 

Tartarous  acid  does  not  attack  bismuth ;  but  when 
dropt  into  the  solution  of  that  metal  in  nitrous  acid,  tar- 
■  trite  of  bismuth  precipitates  in  the  state  of  a  white 
I  powder  insoluble  in  water. 

Sp.  13.    Benzoat  of  Bismuth. 

Bi:NZorc  acid  diss.olves  the  oxide  of  bismuth  with 
!  facility  ;  and  the  solution  yields  white  needle-shaped 
r  crystals,  which  are  not  altered  by  exposure  to  the  aii", 
are  soluble  in  water,  and  very  sparingly  soluble  in  al- 
cohol.   Sulphuric  and  muriatic  acids  decompose  this 
^  salt,  and  heat  volatilizes  its  acid  *. 

The  remaining  salts  of  bismuth  are  unknown. 

Genus  XII.    Salts  of  ANTiMONr. 

The  various  doses  of  oxygen  with  which  antimony  is 
c  capable  of  combining,  render  it  probable  that  the  salts 
c  of  antimony  are  numerous  ;  but  hitherto  scarcely  any 
I  of  them  have  been  examined.  Chemists  have  confined 
t  themselves  to  the  combination  of  the  acidulous  oxide 
(  of  antimony  with  acids  ;  an  oxide  which  possesses  a 
I  number  of  properties  which  assimilate  it  to  the  acids, 
:  and  which  seems  scarcely  susceptible  of  forming  per- 
manent compounds  with  acids.  Antimonial  salts  may 
;  be  distinguished  by  the  following  properties  : 

I.  Their  solutions  are  usually  colourless,  and  in  most  characters, 
(  cases  a  white  precipitate  falls  when  they  are  diluted 
with  water. 


Chap.  III. 


*  Trommsdorf,  ^nn.  de  Cbim.  xi.  317  . 
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Book  11.  2.  Triple  prussiat  of  potass  occasions  a  white  prect- 
Division  II.      .  _  ' 

'i  V  '  pitate  when  dropt  into  these  solutions.  This  precipitate  is 
merely  the  oxide  of  the  metal  precipitated  by  the  water 
of  the  prussiat.  When  applied  sufficiently  concentra- 
ted, or  in  crystals,  no  precipitation  takes  place.  In 
this  property  antimony  agrees  with  platinum  *. 

3.  Hydrosulphuret  of  potass  occasions  an  orange- 
coloured  precipitate. 

4.  Gallic  acid  and  the  infusion  of  nutgalls  occasion  a 
white  precipitate,  which  is  merely  the  oxide  of  the  me- 
tal separated  by  the  water  of  the  infusion. 

5.  When  a  plate  of  iron  or  zinc  is  plunged  into  antl- 
monial  solutions,  a  black  powder  precipitates  in  great 
abundance,  and  very  speedily  when  there  is  an  excess 
of  acid,  and  the  solution  is  not  too  much  concentrated. 

Sp.  I .    Sulphat  of  Antimony. 

Sulphuric  acid  has  no  action  on  antimony  while 
cold ;  but  at  the  boiling  temperature  it  oxidates  that 
metal  with  effervescence,  sulphurous  acid  is  exhaled, 
and  even  sulphur  sublimed,  and  there  remains  in  the 
retort  a  soft  white  mass,  evidently  composed  of  the  aci- 
dulous oxide  and  sulphurous  acid.  Water  carries  off 
the  acid  and  a  small  portion  of  the  oxide,  but  leaves  the 
greater  part  in  the  state  of  a  white  powder.  When  the 
solution  is  evaporated,  the  remainder  of  the  oxide  pre- 
cipitates, so  that  the  salt  cannot  be  obtained  in  a  crystal- 
line form.  The  white  powder  may  be  considered  as  a 
subsulphat  of  antimony,  for  it  still  retains  a  portion  of 
acid. 


*  Klaproth,  Crell's  Annals,  1798,  J.  99. 
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r  t  T       r  A    -  Oliap.  III. 

cip.  2.    bulpbite  of  Antimony.  '     \  j 

.  Sulphurous  acid  has  no  action  on  antimony  while 
cold,  but  when  hot  it  changes  it  into  an  oxide.  The 
sulphite  of  antimony  is  precipitated  in  the  state  of  an 
;insoluble  white  powder  when  sulphurous  acid  is  pour- 
Scd  into  the  solution  of  antimony  in  muriatic  acid.  It 
hhas  an  acrid  and  astringent  taste,  melts  when  heated, 
land  is  volatilized  and  decomposed.  When  distilled  in 
;close  vessels,  it  yields  sulphurous  acid ;  and  there  re- 
imains  a  reddish  brown  mass,  consisting  probably  of 
ihydrosulphuret  of  antimony  *. 

Sp.  3.    Nitrat  of  Antimony. 

Nitric  acid  attacks  antimony  with  great  violence. 
'Both  the  acid  and  water  are  decomposed,  abundance  of 
:nitrous  gas  is  emitted,  and  a  considerable  portion  of 
lammonia  is  formed  and  combines  with  the  acid  while 
tthe  metal  is  converted  into  an  insoluble  white  oxide, 
lit  does  not  appear  that  any  combination  takes  place 
bbetween  this  acid  and  the  acidulous  oxide  of  antimony, 
tthe  oxide  which  is  formed  by  this  process  ;  and  no  at- 
ttempt  has  hitherto  been  made  to  combine  with  any 
oof  the  other  oxides  of  antimony.  Probably  it  does  not 
ccombine  even  with  them,  in  consequence  of  the  facility 
jwith  which  it  converts  them  into  the  acidulous  oxide. 

Sp.  4.    Muriat  of  Antimony. 

Muriatic  acid  has  no  effect  upon  antimony  at 
Sfirst  ;  but  the  metal  is  gradually  dissolved  when  it  is 
l^kept  long  in  contact  with  that  acid.    The  solution  is 


*  Fourcroy,  v.  231. 
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Book  II.  yellow,  and  yields  by  evaporation  small  needle-form 
Division  .  consisting  no  doubt  of  muriat  of  antimony,  or 

of  muriatic  acid  combined  with  antimony,  oxidated  to  a 
minimum. 

Muriatic  acid  dissolves  the  white  oxide  of  antimony 
with  facility ;  but  it  is  nitro-muriatic  acid  which  is  con- 
sidered as  by  far  the  best  solvent  of  that  metal.  These 
solutions  may  be  considered  as  containing  an  oxy-jnuridt- 
of  antimony,  or  muriatic  acid  combined  with  antimony 
oxidated  to  a  maximum.  That  salt  was  formerly  known- 
by  the  name  of  butter  of  antimony.  It  was  usually  pre-i 
pared  by  triturating  together  one  part  of  antimony  andS 
two  parts  of  oxy-muriat  of  mercury,  and  then  distilling 
them  in  a  retort.  At  a  moderate  temperature  the  oxy- 
jnuriat  of  antimony  passes  over.  It  is  in  the  state  of 
thick,  fatty  mass,  of  a  greyish  white  colour,  and  often' 
crystallized  in  four-sided  prisms.  It  is  exceedingly- 
caustic,  becomes  coloured  when  exposed  to  the  air,  and 
melts  at  a  very  moderate  temperature.  When  diluted 
with  water,  it  is  partly  decomposed,  and  the  greater 
part  separates  in  the  form  of  a  white  ox'de.  In  this 
state  it  was  formerly  knoWn  by  the  haiiie  of  powder  of 
Algoroth. 

Sp.  5.    Phosphat  of  Antimony. 

The  action  of  phosphoric  acid  on  antimony  has  never 
been  examined.  Neither  is  the  salt  better  known  which 
that  acid  may  be  supposed  capable  of  forming  with  the 
oxides  of  that  metal. 

Sp.  6.    Phosphat  of  Lime-and-antimotiy. 

The  well-known  medicine  called  fames^s  powder  has 
been  shewn  by  the  analysis  of  Dr  Pearson  to  be  a  com- 
pound of  phosphoric  acid,  lime,  and  oxide  of  antimo^ 
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ny  ;  we  may  therefore  consider  it  as  a  triple  salt.    It    Chap.  iii. 
s  usually  in  the  form  of  a  white  J)owder,  nearly  in- 
oluble  in  water,  but  partially  soluble  in  acids.  The 

energy  with  which  it  acts  as  an  emetic  is  well  known. 

From  Dr  Pearson's  analysis  it  appears  to  be  composed 

of  about  43  phosphat  of  lime 

57  oxide  of  antimony 

loo 

It  may  be  composed  by  calcining  in  a  white  heat  a  mix- 
t  ture  of  equal  parts  of  sulphuret  of  antimony  and  the 
J  aishes  of  bones  *. 

5>.  7,  8,  9,  10,  II. 

The  fluat,  borat,  carbonatj  tungstat,  and  chromat  of 
antimony  are  still  unknown,  no  accdrate  experiments 
having  been  made  to  ascertain  even  the  mode  of  form- 
ing these  salts. 

Sj).  12.    Arseniat  of  Antimony. 

When  arsenic  acid  and  antimony  are  digested  toge- 
ther, a  white  powder  separates,  consisting  of  arseniat 
of  antimony.  This  powder  is  soluble  in  muriatic  acid, 
and  precipitated  again  by  the  affusion  of  water.  The 
alkaline  arseniats  precipitate  the  same  salt  from  the  so- 
lution of  antimony  in  muriatic,  tartarous,  or  acetous 
acids.  When  a  mixture  of  one  part  of  antimony  and 
three  parts  of  arsenic  acid  are  distilled  in  a  retort,  it 
enters  into  fusion,  and  then  takes  fire  ;  arsenic  is  sub- 
blimed  together  with  a  red  mass,  and  sulphurous  acid 
is  exhaled  f. 


♦  Phil.  Trant.  1791,  p.  317-  t  Scheele,  i.  184. 
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Division  II.  5^.13.    Ac elite  of  Antimony. 


Acetous  acid  has  little  or  no  action  on  antimony  ) 
but  it  dissolves  a  small  portion  of  its  oxide,  as  Morveau 
has  shewn,  and  the  solution,  according  to  Wenzel,  yields 
small  crystals.  This  salt  is  soluble  in  water,  and  was 
employed  by  Angelus  Sala  and  some  subsequent  phy. 


sicians  as  an  emetic  *. 


Sp.  14.    Oxalat  of  Antimony. 

Oxalic  acid  scarcely  attacks  antimony  j  but  it  dis« 
solves  a  small  portion  of  its  oxide.  The  solution  yields 
by  evaporation  small  crystalline  grains  difficultly  so- 
luble in  water.  The  same  salt  is  precipitated  by  add- 
ing oxalic  acid  to  the  solution  of  antimony  in  acetous 
or  sulphuric  acid  ;  but  oxalic  acid  occasions  no  preci- 
pitate in  the  oxy-muriat  of  antimony  f. 

Sp.  1  J.    Tar  trite  of  Antimony. 

Tartarous  acid  has  no  action  on  antimony,  but  it 
•dissolves  a  small  portion  of  its  oxides.  The  solution 
scarcely  crystallizes  ;  but  easily  assumes  the  form  of  a 
jelly  t. 

Sp.  16.    Tartite  of  Potass- and- Antimony, 

This  salt,  usually  denominated  tartar  emetic,  is  much 
more  employed  in  this  country  as  a  medicine  than  all 
fiistory  other  antimonial  preparations  put  together.    It  was 

first  made  known  by  Adrian  de  Mynsicht  in  his  T/j^jcm- 
rus  Medico-chymicusjpnhYished  in  16^1.  But  the  pre- 
paration was  in  all  probability  suggested  by  a  treatise, 


*  £j)cye.  Method.  Chim.  i.  6.         \  Bergman,  1*71.         |  Itid.  370, 
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jntitled  Methodus  in  Puherern,  published  in  Italy  in  Chap.lII. 
1620.  This  book,  written  hj  Dr  Ccrnachinus,  gives 
an  account  of  the  method  of  preparing  a  powder  which 
had  been  invented  by  Dudley  Earl  of  Warwick,  and 
which  had  acquired  great  celebrity  in  Italy  in  conse- 
quence of  the  wonderful  cures  which  it  had  performed. 
This  powder  was  composed  of  scammony,  sulphuret  of 
antimony,  and  tartar,  triturated  together.  The  extra- 
ordinary effects  which  it  produced  would  naturally  draw  ' 
the  attention  of  chemists  to  the  combination  of  antimo- 
nial  preparations  with  tartar. 

Tartar  emetic  was  first  prepared  by  boiling  together  Preparan. 
tartar  and  the  crocus  nietallorum  *,  as  it  was  called,  in 
water,  filtering  the  solution,  and  evaporating  it  till  it 
yields  crystals  :  glass  of  antimony  was  afterwards  sub- 
stituted for  the  crocus.  But  it  would  be  needless  to 
enumerate  the  numerous  methods  which  have  been  a- 
dopted  according  to  the  fancy  of  different  operators. 
These  methods  have  been  collected  by  Bergman,  and 
are  described  bv  him  in  his  treatise  on  Antimoniated 
Tartar^. 

At  present  the  glass  of  antimony,  or  the  acidulous 
oxide  of  antimony,  are  usually  employed.  Either  of 
these  is  mixed  with  its  own 'weight  of  tartar,  and  the 
mixture  boiled  in  ten  or  twelve  parts  of  water,  till  the 
tartar  be  saturated.  The  solution  is  then  filtered  and 
evaporated  till  a  pellicle  forms  on  its  surface.  On 
cooling  it  deposites  regular  crystals  of  tartar  emetic. 


*  An  impure  hydrosulphuret,  formed  by  detonating  in  a  crucible, 
equal  weights  of  sulphuret  of  antimony  and  nitre,  and  washing  the  resi- 
duum in  water  till  the  liquid  comes  off  tasteless. 

f  0/i/;f.  i.338. 
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Properties. 


Composi- 
tion. 


Thertart  has  observed,  that  there  always  remains  in  the 
solution  a  quantity  of  uncombined  tartrite  of  potass  j 
it  ought  not  therefore  to  be  evaporated  too  far,  other- 
wise the  crystals  of  that  salt  will  mix  with  those  of  the 
tartar  emetic*. 

Tartar  emetic  is  of  a  white  colour,  and  crystal- 
lizes in  regular  tetrahedrons.  When  exposed  to  the  air, 
it  gradually  loses  its  transparency  and  effloresces.  It  is 
soluble  in  80  parts  of  cold  water,  and  in  about  40  parts 
of  boiling  water.  Heat  decomposes  it  by  destroying  the 
acid,  while  the  potass  and  oxide  of  antimony  remain  be- 
hind. It  is  decomposed  by  the  alkaline  earths,  by  the 
alkalies  and  their  carbonats,  and  by  the  hydrosulphurets, 
and  several  of  the  metals.  It  is  decomposed  also  by  the 
decoctions  of  plants,  particularly  those  that  are  astrin- 
gent and  bitter,  as  Peruvian  bark,  &c.  Consequently  it 
never  ought  to  be  given  in  conjunction  with  any  of 
these  bodies. 

From  the  analysis  of  Thenart,  It  appears  that  this 
salt  is  composed  of  .  .  .  35.4  tartarous  acid 

39.6  oxide 

16.7  potass 
8.3  water 


roo.o 


Or  of 


36.3  tartrite  of  antimony 

35.4  tartrite  of  potass 
8.3  water 


100.0  f 


*  Ann.  dc  Cbim.  xxxviii,  39. 
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Sp.  17.    Benzoat  of  Antiviony. 

Benzoic  acid  readily  dissolves  the  oxide  of  anti- 
mony, and  the  solution  yields  crystals,  which  remain 
dry  when  exposed  to  the  air,  and.  are  decomposed  by 
heat  *. 

Sp.  I^.    Seiat  of  Antimony. 

SfeBACic  ACID  dissolves  the  oxide  of  antimony  hj 
the  assistance  of  heat^  ind  forms  a  salt  in  small  crystals, 
which  do  not  deliquescfe  in  thb  air  f ; 


Chap.  IIL 


Genus  XIII.    Salts  of  TelluIeiium- 


Tellurium  has  been  known  for  so  short  a  time  as 
a  distinct  metal,  and  the  quantity  of  it  hitherto  exa- 
mined has  been  so  small^  that  the  salts  which  it  forms 
with  acids  carinot  be  supposed  to  be  nluch  known. 
Only  the  following  facts  have  been  ascertained. 

The  silts  of  tellurium  may  be  distinguished  by  the 
following  properties  : 

1.  Alkalies,  when  dropt  into  theit  solution,  occasion  Characta-t 
a  white  precipitatCj  which  diszljppears  again  if  the  alkali 

be  added  in  excess. 

2.  Triple  prUssiat  of  potass  occasions  no  precipitate. 

3.  Hydrosulphuret  of  potass  occasions  a  brown  or 
blackish  precipitate. 

4.  The  infusion  of  nutgalls  occasions  a  flaky  preci- 
pitate of  a  yellow  colour. 

5.  Zinc,  iron,  and  antimony,  when  plunged  into 
these  solutions,  occasion  the  tellurium  to  separate  in  the 

♦  Trommsdorf,  Ann.  de  Chim.  xi.  317.  t  Crell,  Phil.  Trans.  ^^Zl. 
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state  of  a  black  powder,  which  resumes  its  metallic 
brilliancy  when  rubbed  *. 

Sp.  I.    Sulphat  of  'Tellurium. 

When  one  part  of  tellurium  is  confined  with  loo 
parts  of  sulphuric  acid  in  a  close  vessel,  it  dissolves  and 
gives  the  acid  a  crimson  colour.  When  water  is  dropt 
into  the  acid,  the  red  colour  disappears,  and  the  metal 
is  precipitated  in  black  flakes  When  heated,  the  colour 
equally  disappears,  and  the  metal  precipitates.  Diluted 
sulphuric  acid,  mixed  with  a  little  nitric  acid,  dissolves 
a  considerable  portion  of  tellurium,  the  solution  is  co- 
lourless, and  no  precipitate  is  produced  in  it  by  wa- 
ter f. 

Sp.  2.    Nltrat  of  Tellurium. 

Nitric  acid  dissolves  tellurium  with  facility.  The 
solution  is  colourless,  and  yields,  when  concentrated, 
small  white,  light,  needle- formed  dendritical  crystals  |, 

Sp.  3.    Muriat  of  Tellurium. 

NiTRO-MURiATic  ACID  dissolves  tellurium  readily. 
The  solution  is  transparent ;  but  when  diluted  with 
water,  it  lets  fall  the  oxide  of  tellurium  in  the  state  of  a 
white  precipite,  soluble  in  muriatic  acid  J. 

Genus  XIV.    Salts  of  Arsenic. 

Arsenic  is  capable  of  assuming  the  form  of  an  acid, 
•nd  even  its  white  oxide  has  several  acid  properties. 


•  Klaproth,  Crell's  Annals,  1798,  i.  98.  \  Ibid.  p.  98. 

}  Ibid.  p.  97.  §  Ibid,  p.  98. 
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ARSENIC. 

Hence  it  is  more  disposed  to  combine  with  metallic    Chap,  iil 
bases  than  to  form  salts  by  uniting  with  acids.    Indeed  * 
I  it  has  not  been  proved  that  the  oxide  of  arsenic  is  ca- 
j  pable  of  combining  with  acids,  and  of  forming  crystal- 
I  lizable  salts.   However,  as  several  of  the  acids  have  the 
j  property  of  dissolving  it,  which  must  be  considered  as  a 
j  species  of  combination,  and  as  the  knowledge  of  the 
i  properties  of  these  solutions  is  sometimes  of  importance 
in  mineralogical  investigations,  it  will  be  proper  to  give 
.  an  account  of  them  in  this  place. 

The  solutions  of  arsenic  may  be  distinguished  by  the 
<  following  properties : 

I .  Triple  prussiat  of  potass  occasions  a  white  preci-  Characters. 
!  pitate  when  poured  into  solutions  containing  arsenic  *. 

a.  Hydrosulphuret  of  potass  produces  a  yellow  pre- 
t  cipitate,  or  at  least  gives  a  yellow  colour  to  the  solu- 
t  tion. 

3.  Gallic  acid  and  the  infusion  of  nutgalls  occasion 
!  scarcely  any  change  in  the  solutions  of  arsenic. 

4.  The  addition  of  water  occasions  a  white  precipi- 
:  tate  of  oxide  of  arsenic  f ,  which,  when  heated  with 
■  charcoal,  emits  a  white  smoke,  having  the  smell  of 

arsenic. 

Sf.  I .    Sulphat  of  Arsenic. 

SaLPHURic  ACID  has  no  action  on  arsenic  while 
cold,  but  when  heated,  sulphurous  acid  gas  is  emitted, 
and  the  metal  is  converted  into  a  white  oxide,  a  small 
portion  only  of  which  is  retained  in  solution.  The  acid 


•  The  solution  of  arsenic  in  those  acids  which  convert  it  into  an  acid, 
is  not  disturbed  by  the  triple  prussiat  of  potass, 
f  Except  when  the  arsenic  is  converted  into  an  acid. 
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dissolves  equally  a  small  quantity  of  the  wKite  oxide  o£ 
arsenic ;  but  the  addition  of  water  precipitates  a  white 
powder  in  the  form  of  crystalline  grains.  These,  ac- 
cording to  Bergman,  jjre  composed  of  the  white  oxid« 
of  arsenic,  combined  with  a  small  portion  of  acid 

Sp.  2.    Nitrut  of  Arsenic. 

Nitric  acid  attacks  arsenic  with  violence,  and  con- 
verts it  into  white  oxide,  while  nitrous  gas  and  azotic 
gas  are  emitted.  An  additional  dose  r,f  acid  converts 
the  oxide  into  arsenic  acid.  There  is  therefore  no  such 
salt  as  nitrat  of  arsenic  ;  the  nitric  acid  does  nqt  com- 
bine with  the  white  oxide. 

Sp.  3.    Muriat  of  Arsenic. 

Muriatic  acid  has  scarcely  any  action  on  arsenic 
while  cold  ;  but  when  heated  it  dissolves  it  readily,  at 
the  same  time  a  quantity  of  arsenicated  hydrogen  gas  is 
emitted.  White  oxide  of  arsenic  is  also  dissolved  by 
this  acid  with  facility,  especially  if  a  little  nitrous  acid 
be  mixed  with  it.  At  a  boilin?  heat  the  muriatic  acid 
dissolves  about  the  third  part  of  its  weight  of  white 
oxide ;  but  it  allows  the  greater  part  to  precipitate 
again  as  the  solution  cools.  The  addition  of  water  pre- 
cipitates the  greatest  part  of  the  remainder ;  but  the 
muiiat  of  arsenic,  according  to  the  experiments  of  Berg- 
jnan,  may  be  obtained  in  the  state  of  crystals.  It  is 
very  volatile,  and  but  sparingly  soluble  in  water  f . 

This  salt  may  be  formed  also  by  triturating  together 
equal  parts  of  oxy-muriat  of  mercury  and  oxide  of  ar- 
senic, or  metallic  arsenic,  and  distilling  the  mixture 


*  Eergman,  iL  292. 


f  Ibid.  ii.  394. 
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with  a  moderate  heat.  There  comes  over  a  transparent    Chap.  IIL 
liquor  of  the  consistence  of  oil,  pait  of  which  congeals  , 
in  the  receiver.    This  substance  is  muriat  of  arsenic. 
It  was  described  bj  Lemery  and  others  under  the  name 
of  butter  of  arsenic^  or  corrosive  oil  of  arsenic. 

The  action  of  the  other  acids  on  arsenic  has  scarcely 
been  examined  except  by  Bergman.  According  to  him, 
phosphoric,  fluoric,  and  arsenic  acids  dissolve  it,  and 
yield  crystalline  grains  scarcely  soluble  in  water :  oxa- 
lic and  tartarous  acids  dissolve  the  white  oxide  rdadily, 
and  furnish  prisrnatic  crystals  :  acetous  acid  also  dis- 
solves it  *. 

Genus  XV.    Salts  of  Cobalt. 

The  salts  of  cobalt  have  attracted  the  attention  of 
chemists,  in  consequence  of  the  property  which  some  of 
ihem  have  of  changing  their  colour  when  heated,  and 
thus  forming  what  has  received  the  name  of  sympathe- 
tic ink  ;  an  appellation  given  to  all  liquids,  the  charac- 
ters formed  by  which  are  colourless  and  invisible  when 
written  upon  paper,  but  become  visible  and  coloured 
by  undergoing  certain  processes  :  and  likewise  to  those 
liquids  which  form  characters  upon  paper  susceptible  of 
changing  their  colour  by  certain  processes.  It  is  pro- 
bable that  chemists  have  not  hitherto  had  an  opportu- 
nity of  often  examining  the  pure  salts  of  cobalt ;  for 
several  of  the  other  metals  adhere  to  cobalt  with  such 
persevering  obstinacy,  that  it  is  very  difficult  to  obtain 
it  in  a  separate  state.  The  salts  of  cobalt  may  be  di- 
stinguished by  the  following  properties  : 


•  Bergman,  ii.  V}S- 
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1 .  The  greater  number  of  them  are  soluble  in  watef ^ 
and  the  solution  has  a  reddish  or  brownish  colour. 

2.  The  alkalies,  when  dropt  into  these  solutions,  oc- 
casion a  blue-coloured  precipitate. 

3.  Triple  prussiat  of  potass  occasions  a  brownish  yel- 
low precipitate,  often  with  a  shade  of  blue. 

4.  Hydrosulphuret  of  potass  occasions  a  black  preci- 
pitate, soluble  again  if  the  hydrosulphuret  be  added  in 
excess.  According  to  Proust,  sulphurated  hydrogen 
gas  occasions  no  precipitate  in  these  solutions*. 

5.  Gallic  acid  produces  no  change;  but  the  tincture 
of  nutgalls  occasions  a  yellowish- white  precipitate. 

6.  Cobalt  is  not  precipitated  from  its  solution  in  acids 
by  zinc. 

Sp4  I.    Sulphat  of  Colalt. 

Sulphuric  acid  oxidates  cobalt  with  the  assistance 
of  heat ;  sulphurous  acid  gas  is  emitted,  and  there  re- 
mains behind  a  brownish  red  mass  readily  dissolved  by 
water.  The  solution  is  red;  and  yields  by  evaporation 
small  needle-form  crystals,  consisting  of  rhomboidal 
prisms,  terminated  by  dihedral  summits.  This  salt  has 
a  reddish  colour.  When  heated  it  melts,  swells  up,  and 
is  decomposed,  leaving  the  oxide  of  cobalt  of  a  deep 
blue  colour.  It  is  decomposed  also  by  alkalies,  which 
precipitate  its  base  in  the  form  of  a  flesh-coloured 
powder. 

Sp.  2.    Nitrat  of  Cobalt. 

Nitric  acid  attacks  cobalt  with  violence,  especially 
when  assisted  by  heat.    The  solution  has  a  red  colour, 


*  ^nn.  dt  Chlm.  XXXV  54. 
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and  yields  by  evaporation  small  prismatic  crystals  of  a    Chap.  III. 
:red  colour,  deliquescent  in  the  air,  and  decomposed  by 
bheat,  leaving  a  deep  red  powder. 

Sp.  3.    Muriat  of  Cobalt. 

Muriatic  acid  acts  with  difficulty  upon  cobalt, 
c  even  when  assisted  by  heat  ;  but  it  dissolves  the  oxide 
uof  that  metal  with  great  facility,  and  even  takes  it  from 
s  sulphuric  acid.  The  solution  of  oxide  of  cobalt  in  mu- 
r  riatic  acid  has  a  pale  red  colour,  and  yields  by  evapora- 
:  tion  small  deliquescent  crystals  of  muriat  of  cobalt.  * 

This  solution  constitutes  the  first  and  best  known  of 
^all  the  sympathetic  inks.  It  is  diluted  with  water  till  Sympathe- 
\its  colour  almost  disappears  ;  and  then  the  characters 
swritten  with  it  on  paper  are  invisible  while  cold,  bur  if 
Jthe  paper  be  gently  heated  they  acquire  a  fine  green  eoi- 
ilour,  which  disappears  again  when  the  paper  cools.  This 
nnay  be  repeated  as  often  as  we  please,  provided  care 
)be  taken  not  to  heat  the  paper  too  much,  otherwise  the 
[characters  acquire  a  permanent  broWn  colour.  Klap- 
:'roth  has  shewn,  that  this  change  to  green  only  takes 
:.place  when  the  cobalt-solution  is  contaminated  with 
ir.ron  :  if  the  cobalt  be  pure,  the  characters,  instead  of  a 
fjreen,  acquire  a  blue  colour  when  heated*.  This 
jjympathetic  ink  was  first  made  known  by  Waitz  in 
11705  f  }  it  was  described  a  second  time  by  Teichmeyer 
•in  1731  Xi  ^  third  time  by  Hellot  in  1737  The 
;;ause  of  this  singular  change  of  colour  has  not  hitherto 
ween  explained  in  a  satisfactory  manner.  It  takes  place 


*  Klaproth's  Observations  on  the  Fossils  of  Corning,  R.  64.  Eng.  Trans. 

f  See  Wiegleb's  GescLichte,  i.  126.  t 

I  Commeic.  Utterarum,  p.  9I.  §  Mem.  Par.  1737. 
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Book  II.    equally  in  close  vessels ;  so  that  it  can  scarcely  he  ascrl- 

Division  11.  .         -  ,       .  r  ■ 

u— y— — '  bed  to  the  action  of  the  air  or  or  moisture.  At  present 
it  is  supposed,  but  without  any  direct  proof,  to  be  ow- 
ing to  the  partial  deoxidation  of  the  oxide  of  cobalt  by 
heat,  and  its  reabsorption  of  oxygen  when  cold. 

S/>-  4,  5»  6,  7,  8,  9. 

Phosphat.  Phosphoric  acid  dissolves  cobalt,  and  forms  a  red- 
dish-coloured solution  which  deposites  phosphat  of  co- 
balt when  saturated. 

Fluat,  Fluoric  acid  does  not  attack  cobalt, but  it  dissolves 
its  oxide,  and  forms  with  it  a  yellow-coloured  gelati- 
nous solution  *. 

Borat.  BoRACic  ACID  has  no  action  on  cobalt;  but  the  borat 
of  cobalt  may  be  formed  by  mixing  borat  of  soda  with 
nitrat  of  cobalt. 

Carbonat  Carbonat  OF  COBALT  may  be  formed  also  by  preci- 
pitating cobalt  from  its  solution  in  acids  by  means  of  an 
alkaline  carbonat. 

The  tuni^stat,  violyhdat,  and  chromat  of  cobalt  are 
still  unknown. 

Sp.  to.    Arseniat  of  Cobalt, 

Arsenic  acid,  v^hen  digested  upon  cobalt,  acquires 
a  red  colour,  but  it  does  not  dissolve  the  metal  com- 
pletely. Arsenic  acid  does  not  precipitate  cobalt  from 
its  solution  In  acids  ;  but  the  alkaline  arseniats  occasion 
a  precipitate  of  a  fine  red  colour,  which  is  arseniat  of 
cobalt  f .  This  salt  is  found  native  ;  sometimes  in  the 
state  of  a  fine  red  efflorescence,  and  sometimes  crystal- 
lized in  small  four-sided  prisms  or  tables. 


*  Sdiecle,  i.  35. 


\  Ibid.  186. 
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S/}.  II.    Acetite  of  Cobalt, 

Acetous  acid  dissolves  the  oxide  of  cobalt  with  fa- 
cility.   The  solution  does  not  crystallize  ;  and  when 
evaporated  to  dryness,  soon  deliquesces  again.    It  has 
:  a  fine  red  colour  while  cold,  but  becomes  blue  when 
heated  *k 

Sp.  12.    Oxalat  of  Cobalt. 

Oxalic  acid  attacks  cobalt,  and  converts  it  into  a 
red  powder,  which  is  oxalat  of  cobalt.  This  salt  is  in- 
soluble in  water,  but  it  dissolves  in  an  excess  of  acid* 
and  yields  crystals.  Oxalic  acid  precipitates  an  oxalat 
of  cobalt  from  the  solution  of  that  metal  in  most  a- 
;cidsf. 

The  remaining  salts  of  cobalt  have  not  hitherto  been 
^examined. 

Genus  XVI.    Salts  of  Manganese. 

All  the  properties  of  this  genus  of  salts  with  which 
vwe  are  even  at  present  acquainted  were  ascertained  by 
tBergman  and  Scheele,  by  whose  labours  the  oxide  of 
imanganese,  one  of  the  most  important  of  all  their  in- 
i  itruments,  was  first  put  into  the  hands  of  chemists. 
IThe  salts  of  manganese  may  be  distinguished  by  the  fol- 
lowing properties  : 

I.  They  are  almost  all  soluble  in  water  ;  and  the  so-  Character*, 
lution,  when  treated  with  fixed  alkalies,  deposites  a 
white  or  reddish  coloured  precipitate,  which  very  soon 
)becomes  black  when  exposed  to  the  air. 


*  Wenzel's  fertvand.^.  194. 
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^Bookll.^       2.  Triple  prussiat  of  potass  occasions  a  yellowish- 
white  precipitate  when  dropt  into  these  solutions. 

3.  Hydrosulphuret  of  potass  occasions  a  white  preci- 
pitate. Sulphurated  hydrogen  gas  gives  the  solution  a 
whiter  colour,  but  produces  no  precipitate. 

4.  Gallic  acid  occasions  no  precipitate. 

5.  Manganese  is  not  precipitated  from  its  solution  in 
the  metallic  state  by  any  of  the  other  metals. 

Sfi.  I.    Sulphated  Manganese. 

Sulphuric  acid  acts  with  energy  on  manganese,  es- 
pecially when  diluted  with  two  or  three  times  its  weight 
of  water,  and  forms  with  it  a  colourless  solution.  It 
dissolves  also  with  equal  facility  the  white  and  red  ox- 
ides of  manganese  ;  but  it  has  no  action  whatever  on 
the  black  oxide  unless  assisted  by  heat.  When  that  is 
the  case,  oxygen  gas  passes  off  in  abundance,  and  the 
oxide  is  dissolved.  The  same  solution  takes  place 
without  the  emission  of  that  gas  when  a  little  sugar  is 
added  to  the  mixture.  Hence  we  see  that  the  blacls 
oxide  is  incapable  of  combining  with  sulphuric  acid,  since 
it  always  loses  a  portion  of  its  oxygen  before  solution. 
But  Bergman  has  shewn,  that  both  the  white  and  the 
red  oxide  combine  with  that  acid,  and  form  with  it 
salt.  So  that  we  have  two  combinations  of  sulphuric  acit 
and  manganese:  first,  the  combination  of  sulphuric  acic 
and  the  white  oxide,  which  form  sulphat  of  manganese; 
and,  secondly,  the  combination  of  the  acid  with  the  rec 
oxide,  which  constitutes  ox'y-sulphat  of  manganese. 

1.  Sulphat  of  manganese.  This  salt  is  obtained  pure 
by  dissolving  manganese  in  diluted  sulphuric  acid,  01 
by  dissolving  the  black  oxide  in  that  acid,  adding  at 
the  same  time  a  little  sugar.    The  solution  is  colour- 
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less,  and  yields  hy  evaporation  transparent  rhomboidal    Chap.  III. 
crystals  of  sulphat  of  manganese.  These  crystals  have  a 
very  bitter  taste,  and  are  decomposed  by  heat,  which 
drives  off  their  acid.    Alkalies  precipitate  from  them 
che  manganese  in  the  state  of  a  white  oxide  *. 

2.  Oxy-sulphat  of  manganese.  This  salt  may  be  ob- 
tained by  distilling  sulphuric  acid  from  the  black  oxide 
of  manganese,  and  washing  the  residuum  in  water.  A 
red  or  rather  violet  coloured  liquid  is  thus  obtained, 
which  holds  in  solution  the  oxy-sulphat  of  manganese. 
This  solution  is  difficultly  crystallized,  but  passes  rea- 
dily into  a  gelatinpus  form.  1  he  few  crystals  which 
^re  mixed  with  this  jelly  are  soft,  and  have  but  little 
permanency.  When  evaporated  to  dryness,  it  yields 
thin  red-coloured  saline  crusts,  which  precipitate  suc- 
cessively from  the  surface,  and  which  do  not  readily  de- 
liquesce. This  salt  is  very  soluble  in  water ;  and  al- 
kalies precipitate  the  manganese  in  the  state  of  a  red 
oxide,  which  soon  becomes  black  when  exposed  to  the 
airf. 

Sulphurous  acid  readily  dissolves  the  black  oxide  of 
manganese,  and  forms  with  it  sulphat  of  manganese,  as 
Scheele  ascertained  %,  The  theory  of  this  is  obvious. 
Part  of  its  oxygen  is  abstracted  from  the  manganese  by 
the  acid  ;  in  consequence  of  which,  the  black  oxide  is 
converted  into  white  oxide,  and  the  sulphurous  into  sul- 
phuric acid.  It  is  not  known  whether  sulphurous  a- 
cid  forms  with  the  oxides  of  manganese  a  permanent, 
salt. 


♦  Bergman,  u.  aio. 


f  IbiA  p. 215. 
F3 


\  Scheele,  i.  43. 
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'  ,  J 

Nitric  acid  dissolves  manganese  with  effervescence, 
occasioned  by  the  emission  of  nitrous  gas.  It  dissolves 
the  white  oxide  with  facility,  and  without  the  emission 
of  anj  gas  :  but  it  has  very  little  action  on  the  black 
oxide  ;  however,  by  very  long  digestion,  it  at  last  dis- 
solves a  part  of  it.  The  solution  goes  on  much  more 
rapidly  if  a  little  sugar  or  gum,  or  any  similar  sub- 
stance, be  added,  and  at  the  same  time  a  quantity  of 
carbonic  acid  gas  is  emitted.  Hence  we  see  that  the 
black  oxide  must  part  with  a  portion  of  its  oxygen  be- 
fore nitric  acid  can  dissolve  it.  Nitrous  acid  acts  upon 
the  black  oxide  much  more  readily,  and  is  converted 
entirely  into  nitric  acid.  The  solution,  in  what  man- 
ner soever  it  has  been  made,  is  always  colourless,  pro- 
vided the  manganese  be  pure.  .  Hence  we  may  conclu^'' j 
that  it  contains  only  the  white  oxide.  So  that,'  as  far 
as  is  known  at  present,  there  is  no  such  substance  as 
oxy-nitrat  of  manganese.  This  solution  does  not  cry- 
stallize how  slowly  so  ever  it  be  evaporated.  Heat 
decomposes  it,  and  leaves  the  oxide  *. 

Sp.  3.    Muriated  Manganese. 

Muriatic  acid  readily  dissolves  manganese  with 
an  effervescence  occasioned  by  the  emission  of  hydrogen 
gas.  It  dissolves  the  white  oxide  without  effervescence, 
and  the  solution  is  colourless.  When  allowed  to  re- 
main cold  upon  the  black  oxide,  it  dissolves  a  portion 
of  it,  and  forms  a  red  solution,  which  deposites  red 
oxide  when  diluted  with  water.    When  heat  is  applied 


*  Scheelc,  i.  43,  64;  and  Bergman,  ii.  ai6. 
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tto  the  mixture  of  black  oxide  of  manganese  and  muriatic    Chap.  III. 

;acid,  an  effervescence  takes  place,  and  oxy-muriatic 

iacid  gas  is  emitted.    The  oxide  becomes  white  and 

c  gradually  dissolves.   In  this  case  the  acid  is  divided  into 

:  two  portions ;  one  absoibs  oxy^^en  from  the  metal,  and 

f  ffies  off  in  the  state  of  gas  ;  the  other  dissolves  the  white 

i;  oxide,  as  it  is  set  at  liberty  by  the  decomposition  of 

t  the  black  oxide.  If  sugar  or  any  ether  similar  vegetable 

6  substance  is  added,  no  oxy-muriatic  acid  gas  is  emitted, 

bbut  instead  of  it  carbonic  acid  gas.    From  these  facts  it 

i  is  obvious  that  muriatic  acid  combines  both  with  the 

V  white  and  red  oxides  of  manganese;  so  that  there  is  both 

i  a  muriat  and  o.^y-muriat  of  that  metal.    But  the  pro- 

f  parties  of  these  salts  are  still  almost  unknown.  Accord- 

1  ing  to  Bergman,  the  muriat  crystallizes  with  difHculty, 

:  and  when  evaporated  to  dryness  yields  a  saline  mass, 

i^hich  attracts  moisture.    The  solution  of  the  oxy- 

I  muriat  is  red,  and  it  seems  to  be  partly  decomposed  by 

^  water  *. 

■» 

Sp.  4,    Phoiphat  of  Manganese. 

Phosphoric  acid  has  but  little  action  on  manga- 
•  nese  or  its  oxides,  because  it  forms  with  them  a  salt 
I  difficultly  soluble  in  water.  But  phosphat  of  manganese 
i  may  be  obtained  in  the  form  of  a  precipitate,  by  mixing 
an  alkaline  phosphat  with  the  solution  of  manj^anese  in 
any  of  the  three  mineral  acids  f.  This  salt  has  not  been 
hitherto  examined. 

*  Bergman,  ii.  217.— Scheele,  i.  46.  and  67. 
f  Scheele,  i,  48.— Bergman,  ii. 
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Sp.  5.  and  6.    Fluat  and  Borat  of  Manganese. 

The  fluoric  and  boracic  acids  form  likewise  with  the 
oxides  of  manganese  salts  di/Ecultly  soluble  in  water, 
the  properties  of  which  have  not  hitherto  been  much 
examined.  These  acids  have  but  little  action  on  man- 
ganese and  its  oxides  ;  but  the  fluat  or  borat  of  man- 
ganese may  be  easily  formed  by  pouring  the  alkaline 
fluats  or  borats  into  sulphat  or  muriat  of  manganese. 

Sp.  7.    Carhonat  of  Manganese. 

LiQjJiD  CARBONIC  ACID  attacks  manganese  or  its 
black  oxide,  and  dissolves  a  small  portion.  When  the 
solution  is  exposed  to  the  air,  the  acid  gradually  escapes, 
and  a  white  pellicle  forms  on  its  surface,  consisting  of 
white  oxide.  During  the  solution  of  manganese  io  thb 
acid,  an  odour  similar  to  that  of  burning  fat  is  percep- 
tible *. 

Remaining  Species. 

8.  Acetous  acid  has  but  little  effect  upon  manga- 
nese immediately,  but  it  dissolves  a  small  portion  by  long 
digestion,  as  it  does  also  of  the  black  oxide.  The  so- 
lution does  not  yield  crystals,  and  when  evaporated  to 
dryness  soon  deliquesces  again  f, 

9.  Oxalic  acid  attacks  manganese,  and  dissolves  the 
black  oxide  with  effervescence.  The  solution,  when  sa- 
turated, lets  fall  the  oxalat  of  manganese  in  the  state  of 
a  white  powder.  Oxalic  acid  precipitates  the  same 
powder  from  the  solution  of  manganese  in  sulphuric, 
nitric,  or  muriatic  acid  t. 


-*  Bergman,  i.  35  ;  and  Scheelc,1. 51 
I  (bid,  i,  272,  and  ii.  219. 


f  Bergman,  ii.ai9. 
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10.  Tartarous  acid  dissolves  black  oxide  of  manga-    Chap.  III. 
nese  cold  ;  but  the  solution  is  blackish  :  when  heated,  Tartrltc 
an  efFervescence  ensues,  owing  to  the  decomposition  of 

part  of  the  acid  and  the  escape  of  carbonic  acid  gas, 
and  the  solution  becomes  colourless.  Tartrite  of  potass 
precipitates  tartrite  of  manganese  from  the  solution  of 
that  metal  in  any  of  the  three  mineral  acids  *. 

1 1 .  Citric  acid  acts  upon  the  black  oxide  of  man-  citrat. 
ganese  exactly  as  tartarous  acid  f . 

12.  Arsenic  acid  dissolves  the  white  oxide  of  man-  Arsenlat. 
f  ganese  with  facility  j  and  when  it  approaches  the  point 
c  of  saturation,  the  solution  becomes  thick,  with  small 
c  crystals,  which  separate.  These  crystals  are  arseniat  of 
!  manganese.  They  are  precipitated  when  an  alkaline 
5  arseniat  is  dropt  into  the  solution  -of  manganese  in  an 
i  acid.  These  crystals  do  not  melt  when  heated,  neither 
1  does  arsenic  sublime,  unless  charcoal  be  mixed  with 
■  them  %. 

13.  Benzoic  acid  divSsoIves  the  white  oxide  of  arsenic 
with  facility.  The  solution  yields  small  crystalline 
scales  easily  soluble  in  water,  but  sparingly  in  alcohoL 
They  are  not  altered  by  exposure  to  the  air 

Genus  XVII.    Salts  of  Tukgsten. 

This  genus  of  salts  is  altogether  unknown;  the 
scarcity  of  tungsten,  and  the  difficulty  of  obtaining  it  in 
a  state  of  purity,  having  hitherto  prevented  the  possi- 
bility of  attempting  to  ascertain  the  compounds  which 
its  oxides  are  capable  of  forming  with  acids. 


•     *  Bergman,  ii.  219.  \  Ibid.  p.  %%0. 

\  Scheele,  i.  i88.  \  Tmnmsdorf,  Anns  dt  Chim.  xL  317. 
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Book  ir.       Neither  sulphuric  nor  muriatic  acids  seem  capable  of 

Pivision  II.      ,      .        ,  ,         .  ....  ,  . 

altering  the  metal  ;  but  nitro-muriatic  acid  attacks  it  at 
a  boiling  heat,  and  nitrous  gas  is  emitted  *. 

Genus  'XVIII.    Salts  of  Molybdenu m. 

This  genus  is  scarcely  better  known  than  the  pre- 
ceding, and  for  the  same  reasons.  It  has  only  been 
ascertained  that  muriatic  acid  does  not  attack  molybde- 
num ;  that  sulphuric  acid  oxidates  it  at  a  boiling  heat ; 
and  that  nitric  acid  converts  it  into  molybdic  acid. 


Genus  XIX.    Salts  of  Uranium. 


This  genus  of  salts  has  been  hitherto  examined  only 
by  Klaproth  and  Richter.    The  salts  of  uranium  may 
be  distinguished  by  the  following  properties  : 
Characters.       I.  The  greater  number  of  them  are  soluble  in  water,, 
and  the  solution  has  a  yellow  colour. 

2.  The  pure  alkalies  occasion  in  these  solutions  a 
yellow  precipitate ;  the  alkaline  carbonats  a  white  pre- 
cipitate, soluble  in  an  excess  of  alkali. 

3.  Triple  prussiat  of  potass  occasions  a  brownish-red 
precipitate,  which  does  not  assume  the  form  of  flakes 
like  the  prussiat  of  copper, 

4.  Hydrosulphuret  of  potass  occasions  a  brownish- 
yellow  precipitate. 

5.  The  infusion  of  nutgalls  occasions  a  chocolate-co- 
loured precipitate. 

6.  No  precipitate  is  occasioned  byline,  iron,  or  tinf. 


*  Vnucjuelin  and  Hecht,  'Jour,  de  Min.  No.  xijc  p.  25. 
f  Klaproth,  Crcli's  Aimais,  L  1 30.  Engl.  TranaL 
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Sp.  I.  Sulphuric  acid,  when  diluted,  readily  dissolves    Chap,  iii, 
he  yellow  oxide  of  uranium,  and  the  solution  yields  by  Sulphat.^ 
evaporation  fine  orange-coloured  prisms  of  sulphat  of 
aranium  *. 

3.  Nitric  acid  dissolves  the  oxide  of  uranium  with  Nitrat, 
/acility,  and  the  solution  yields,  when  evaporated, 
:arge  crystals  of  nitrat  of  uranium  of  a  beautiful  yel- 
owish-green  colour,  and  in  the  form  of  hexagonal 
lables,  which  effloresce  in  the  airf. 

3.  Muriatic  acid  forms  with  oxide  of  uranium  deli-  Murlat, 
[ueacent  crystals  of  a  yellowish-green  colour,  and  in  the 

brm  of  fourrsided  tables  f. 

4.  Phosphoric  acid  forms  with  oxide  of  uranium  Phospliat 
i'ellowish- white  flakes,  scarcely  soluble  in  water.  The 

;alt  may  be  precipitated  by  adding  phosphoric  acid  to 
-he  acecite  of  uranium  |. 

5.  Fluoric  acid  dissolves  the  yellow  oxide,  and  forms  Fluat. 
/ith  it  crystals  which  do  not  deliquesce. 

6.  When  an  alkaline  arseniat  is  dropt  into  nitrat  of  Arseniat, 
iranium,  the  arseniat  of  uranium  precipitates  in  the 

tate  of  a  yellowish-white  powder. 

7.  and  8.  The  tungstat  and  molybdat  of  uranium 
nay  be  obtained  by  a  ^similar  process.  The  first  is  a 
rrownish-white  powder,  insoluble  in  water  j  the  second 

whitish-yellow,  and  difficultly  soluble. 

9,  Concentrated  acetous  acid  dissolves  oxide  of  ura-  Acetitc. 
ium  by  digestion,  and  yields  beautiful  yellow  crystals 
11. the  form  of  long,  slender,  transparent,  four-sided 
rrisms,  terminated  by  four-sided  pyramids.  When 
xated  gradually,  the  acid  is  decomposed  and  driven  off^ 


*  Klaproth,  Grell's  Annalt,  1 130.  Engl.  Trans  |  Ibid. 

I  Klaproth,  ibid.  p.  13 J. 
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BookTl.    but        remalningoxlde  still  retains  the  form  of  th 
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^— —v— '  crystals  ♦. 
Tartritc       lo.  Tartarous  acid  forms  with  the  oxide  of  uranium 
a  salt  scarcely  soluble  in  water. 

Richter -formed  also  the  borat,  oxalat,  citrat,  malat, 
benzoat,  succinat,  and  sebat  of  uranium  ;  but  the  pre 
perties  of  these  salts  have  not  been  described. 


Genus  XX.   Salts  of  Titanium. 


For  all  that  is  at  present  known  respecting  this  ge 
nus  of  salts,  we  are  indebted  to  the  experiments  c, 
Gregor,  Klaproth,  Vauquelin  and  Hecht.  The  salt 
of  titanium  may  be  distinguished  by  the  following  pro 
perties : 

Characters,       I .  They  are  in  general  colourless,  and  in  some  dc 
gree  soluble  in  w^ater. 

3.  The  alkaline  carbonats  occasion  in  these  solution 
a  white  flaky  precipitate. 

3.  Triple  prussiat  of  potass  occasions  a  grass  gree i 
precipitate  mixed  with  brown  When  an  alkali  is  drop 
in  after  the  prussiat,  the  precipitate  becomes  purpk 
tlien  blue,  and  at  last  white. 

4.  Hydrosulphuret  of  potass  occasions  a  dirty  glas? 
green  precipitate.  Sulphurated  hydrogen  gas  occasion 
no  precipitate. 

5.  The  infusion  of  nutgalls  occasions  a  very  bulk 
reddish-brown  precipitate.  If  the  solution  is  concen 
trated,  it  assumes  the  appearance  of  curdled  blood. 

6.  When  a  rod  of  tin  is  plunged  into  a  solution  c 
titanium,  the  liquid  around  it  gradually  assumes  a  fin 


*  Klaproth,  Crell's  Annalt,  i.  135,  EngL  Trans. 
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J  colour.  A  rod  of  zinc,  on  the  other  hand,  occasions  "l* 
1  deep  blue  colour*. 

Sp.  I.  Boiling  sulphuric  acid  oxidates  titanium,  and  Sulphat, 
lissolves  a  small  portion  of  it;  but  on  the  red  oxide  of 

tanium  that  acid  has  no  action  whatever.    It  dissolves 

.e  carbonat  of  that  metal  with  effervescence,  occa- 
sioned by  the  emission  of  carbonic  acid.  The  solution, 
when  evaporated,  is  converted  into  a  white  opaque  ge- 
latinous mass. 

2.  Nitric  acid  has  no  action  on  the  red  oxide  of  ti-  Nltrat. 
nium,  and  scarcely  any  upon  the  metal ;  but  it  dis- 

;lves  the  carbonat,  provided  heat  be  applied ;  and  the 
jlution  yields  by  evaporation  transparent  crystals,  in  the 
^tm.  of  elongated  rhombs,  having  two  opposite  angles 
truncated,  so  as  to  represent  six-sided  tables.  Accord- 
ing to  Vauquehn  and  Hecht,  this  solution  only  suc- 
ceeds when  the  metal  is  combined  with  a  minimum  of 
oxygen. 

3.  Muriatic  acid  dissolves  titanium;  but  it  has  no  Murlat. 
effect  upon  its  red  oxide.    The  carbonat  of  titanium  is 

:  readily  dissolved  by  this  acid;  and  the  solution,  accord- 
i  ing  to  Klaproth,  yields  transparent  cubic  crystals.  Ac- 
i  cording  to  Vauquelin  and  Hecht,  the  solution  is  yel- 
1  low,  and  assumes  the  form  of  a  jelly  when  evaporated. 
:  Heat  occasions  the  emission  of  oxy-muriatic  acid,  and 
:  the  oxide  precipitates,  and  is  no  longer  soluble  in  mu- 
:  riatic  acid,  unless  it  be  boiled  in  nitric  acid.  Hence 
they  conclude,  that  the  muriat  contains  titanium  com- 
I  bined  with  a  maximum  of  oxygen,  and  that  the  sub- 
oxide is  incapable  of  uniting  with  muriatic  acid. 

4  and  5.   When  the  phosphoric  or  arsenic  acid  is 


♦  Klaproth's  Beitrage,  i.  ^33. 
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dropt  into  the  solution  of  titanium  in  acids,  it  occa- 
sions a  wliite  precipitate. 

6.  When  one  part  of  red  oxide  of  titanium  and  six 
parts  of  carbonat  of  potass  are  melted  together  in  a 
crucible,  the  mass,  when  washed  sufficiently  with  water, 
leaves  a  white  powder,  with  a  slight  red  tinge,  which 
Vauquelin  and  Hecht  have  ascertained  to  be  carbonat 
of  titanium.  According  to  the  experiments  of  these 
chemists,  it  is  composed  of  73  white  oxide 

2  5  carbonic  acid 

106 

7  and  8.  Oxalic  and  tartarous  acids  likewise  occa^ 
sion  a  white  precipitate,  but  it  is  redissolved  again  al- 
most as  soon  as  formed  *. 

Genus  XXI.    Salts  of  Chromum. 

This  genus  of  salts  is  still  altogether  unknown  ;  the 
small  quantity  of  chromum  hitherto  obtained  not  ha- 
ving permitted  chemists  to  examine  the  combinations 
■which  its  oxides  are  susceptible  of  forming  with  acids. 
But  the  presence  of  this  metal  in  solution  may  be  ascer- 
tained by  the  following  properties  : 
Cfiaractera.  I.  Triple  prussiat  of  potass  occasions  a  green  preci- 
pitate. 

2.  The  infusion  of  nutgalls  occasions  a  brown  preci- 
pitate. 

3.  The  hydrosulphuret  of  potass  occasions  a  green 
precipitate,  which  a  few  drops  of  nitric  acid  change  to 
yellow. 


Book  n. 

Dlvkion  II. 


Carbonat. 


*  Jour.  de.  Min.  No.  xv.  p.  i. 
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SECT.  III. 
REMARKS  ON  THE  SALTS. 

V 

■•SocH  are  the  properties  of  all  the  salts  which  have 
/been  hitherto  examined  by  chemists,  and  which  amount 
Co  no  fewer  than  505.    Great  as  this  number  is,  it 
xannot  be  doubted  that  the  class  of  salts  will  be  consi-  . 
;:derab]y  increased  hereafter. 

Of  these  bodies,  there  are  some,  as  alum,  copperas,  importance 
i&c.  which  co.'stitute  the  basis  of  different  arts  and  ma- 
inufactures,  and  which  therefore  are  of  sufficient  im- 
jportance  to  deserve  an  accurate  examination  even  on 
'their  own  account.  Others,  again,  are  the  source  from 
^which  chemists  obtain  many  of  the  niost  valuable  of 
'their  instruments  of  analysis  ;  as  nitre,  common  salt, 
pphosphat  of  lime,  sal  ammoniac,  sulphatof  barytes,  &c. ; 
land  therefore  naturally  claim  the  particular  attention 
cof  all  those  who  cultivate  the  science.  But  it  must  be 
lallowed,  that  by  far  the  greater  number  of  saline  bodies 
a  are  at  present  of  no  apparent  use  whatever,  either  in 
tthe  arts  or  in  chemistry.  At  first  sight  it  may  appear 
3  a  very  useless  piece  of  labour  to  be  at  the  trouble  of 
? examining  and  describing  these  ;  but  there  are  several 
Treasons  which  render  a  precise  knowledge  of  all  the 
>  salts  not  only  proper,  but  even  necessary. 

Were  we  to  limit  ourselves  to  the  examination  of 
I  those  things  whose  usefulness  is  already  known,  there 
'  would  be  an  end  of  all  improvement.  Every  thing 
r  must  be  useless,  as  far  as  regards  us,  till  its  properties 
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Book  II.  te  known,  and  the  purposes  to  which  it  may  be  an* 
— y— — '  plied  ascertained.  Many  or  those  salts  which  we  at 
present  consider  as  of  no  utility,  may  hereafter  be  found 
of  the  greatest  consequence,  when  their  properties 
liave  been  more  completely  investigated.  This  remark 
has  been  verified  more  than  once  within  these  few 
years.  The  muriat  of  lime,  for  instance,  was  formerly 
thrown  away,  but  is  now  applied  with  great  advan- 
tage to  produce  artificial  cold  ;  and  the  oxy-muriats, 
though,  a  new  class  of  salts,  constitute  an  essential  in- 
gredient in  the  process  of  bleaching.  Want  of  utility 
therefore  is  but  a  meagre  reason  for  neglecting  the  ex- 
amination of  the  salts,  unless  it  could  be  demonstrated 
a  priori  that  they  never  can  be  applied  to  any  use. 

But  were  we  even  certain  that  this  were  the  case, 
still  the  examination  of  a  great  number  of  these  salts 
"would  be  indispensable  :  For  those  salts  which  are  the 
most  useful  are  seldom  or  never  found  in  a  state  of  pu- 
rity; they  are  constantly  mixed  and  contaminated  with 
other  salts,  from  which  it  is  necessary  to  free  them  be- 
fore they  will  answer  the  purposes  to  which  they  are 
usually  applied.  Now  these  foreign  salts  cannot  be 
separated  unless  we  be  acquainted  with  them,  at  least 
sufficiently  to  know  the  effect  of  different  agents  upon 
them ;  that  is,  unless  we  be  acquainted  with  their  pro- 
perties. Thus  we  see  that  it  is  not  possible  to  obtain 
those  salts  which  are  really  useful,  without  at  the  same 
time  knowing  the  nature  of  many  salts  which  have  been 
applied  to  no  use.  Thus  common  salt  is  always  mixed 
with  muriat  of  magnesia,  and  cannot  be  obtained  unless 
we  understand  the  method  of  separating  or  decompo- 
sing that  salt. 

But  it  is  not  strictly  true  that  many  of  the  salts  are 
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itogether  useless.  It  may  be  affirmed,  with  the  great- 
st  truth,  that,  even  at  present,  there  is  not  one  among 
hem,  the  knowledge  of  whose  properties  is  not  of  some 
dvantage.    One  of  the  most  important  and  difficult 
.lings  in  chemistry  is  to  ascertain  exactly  the  nature 
nd  composition  of  different  bodies.    Now  this  can  on- 
(T  be  done  by  observing  the  changes  produced  upon 
iiem  by  other  bodies,  and  the  compounds  which  they 
iTC  capable  of  forming.    Thus  if,  on  examining  a  sub- 
tance,  I  find,  that  when,  combined  with  sulphuric  acid, 
;:  forms  a  heavy  insoluble  white  powder  ;  with  muria- 
ic  acid,  a  very  soluble  salt,  which  crystallizes  in  ta- 
ttles, and  is  insoluble  in  alcohol  ;  with  phosphoric  and 
xalic  acid  likewise  an  insoluble  powder,  &.c. — I  con- 
.lude,  without  hesitation,  that  it  is  barytes.    A  sub- 
itance  which  dissolves  in  sulphuric  acid,  and  forms  a  salt 
f  a  blue  colour,  crystallized  in  rhomboidal  prisms,  of 
in  acrid  taste  and  caustic,  which  forms  with  muriatic 
cid  a  green  salt,  which  becomes  blue  when  mixed  with 
rmmonia,  and  which  when  mixed  with  alkalies  occa- 
cions  a  blue  or  green  precipitate— I  conclude  to  be  cop- 
;er.    Thus  it  is  the  knowledge  of  the  salts  which  the 
■  ifferent  alkalies,  earths,  metals,  and  acids,  are  capable 
f  forming,  which  enables  us  to  discover  their  presence 
!/hen  they  enter  as  ingredients  into  different  compounds. 
i[ere,  then,  is  a  reason  for  studying  the  properties  of" 
he  salts,  independent  of  their  utility  as  individual  bo- 
i  ies  ;  and  it  may  be  affirmed  with  ti-uth,  that  chemical 
.kill  is  in  every  case  proportional  to  the  extent  of  this 
i.nowledge. 

The  great  number  of  saline  bodies  renders  it  a  diffi- 
lult  task  to  remember  the  properties  of  each.  Indeed 
the  thing  would  be  impossible,  were  it  not  the  salts  na- 
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Book  IT.    turally  arrange  themselves  into  certain  groups,  the  in- 

Division  II.  .  . 

V— —   dividuals  belqnging  to  which  all  agree  in  certain  gene- 
ral pioperties  which  may  be  remembered  with  facility; 
and  after  these  general  properties  have  indicated  the 
gnnip  to  which  a  given  salt  belongs,  it  is  much  easier 
to  ascertain  the  species. 

Salts  di-  -phe  salts  may  be  divided  conveniently  into  two  or 

vided  into      -  _  •'  _ 

two  orders,  dsrs,  under  one  or  other  of  which  every  salt  is  to  bu 
placed.  These  two  orders  constitute  the  two  first  Sec- 
tions of  this  Chapter.  The  first  order  comprehends  un- 
der it  all  the  eartliy  and  alkaline  salts  ;  the  second  or- 
der all  the  metidline  salts. 

First  order.  The  first  order  may  be  distinguished  by  the  follow- 
ing characters  :  The  salts  belonging  to  this  order  are, 
either,  i.  Soluble  in  water;  and  in  that  case  th^  solu- 
tionis not  precipitated  by  hydrosulphuret  of  potass*, 
triple  prussiat  of  potass  ti  or  infusion  of  nutgalls  f :  or, 
2,  Insoluble  in  water ;  and  in  that  case  they  are  either 
soluble  in  muriatic  acid,  or  become  so  when  heated  tc 
redness,  or  fused  with  carbonat  of  potass ;  and  the  solu- 
tion yields  a  precipitate  when  sulphuric  acid  is  added, 
or  if  not,  at  least  whe  i  potass  is  added.  The  insoluble 
salts  aiford  with  borax,  before  the  blow-pipe,  a  whit 
glass  or  enamel. 

Second  or-  ^^e  second  order  may  be  distinguished  by  the  fol- 
lowing properties :  The  salts  belonging  to  it  are,  either, 
I.  Soluble  in  water  ;  in  which  case  they  afford  a  pre- 
cipitate with  hydrosulphuret  of  potass,  triple  prussia: 


*  Except  salts  with  base  of  alumina  or  zirconia. 

f  Except  salts  with  base  of  yttria  or  zirconia. 

\  Except  salts  with  base  of  yttria,  glucina,  or  zirconia. 
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)f  potass*,  and  the  infusion  of  nutgallsf :  or,  2.  Inso-  ^ Chap. Iit^ 

uble  in  water ;  in  which  case,  when  fused  with  borax 

>j  the  blow-pipe  upon  charcoal,  they  either  afford  a 

jutton  of  metal,  or  form  with  the  borax  a  coloured 

jlass. 

The  first  order  is  divisible  into  32  genera;  the  salts 
')elonging  to  which  may  be  distinguished  by  the  cha- 
racters of  these  genera  given  in  the  first  Section  of  this 
!jhapter.    The  species  may  be  ascertained  by  the  de- 

cription  there  given  ;  but  the  investigation  will  be 
much  facilitated  by  attending  to  the  following  observa- 

ions  : 

1 .  The  species  may  be  distinguished  into  two  kinds ;  ^^^^^'^^^f 
hose  whose  base  is  an  alkali,  and  those  which  have  an  cies. 
varthy  base. 

2.  I'he  alkaline  salts  are  all  soluble  in  water.  Potass 
■ccasions  no  precipitate  of  a  white  powder  when  added 
o  the  solution  ;  neither  does  oialic  acid  occasion  any 
orecipitate. 

3.  Tlie  salts  with  an  ammoniacal  base  are  all  either 
issipated  entirely,  or  converted  into  an  acid  when  ex- 
oosed  to  a  red  heat. 

4.  Many  of  the  earthy  salts  are  insoluble  in  water  j 
white  powder  is  precipitated  from  the  soluble  salts 

ither  by  the  addition  of  potass  or  of  sulphuric  acid. 

5.  The  salts  whose  base  is  barytes  are  all  J  insoluble 
n  water,  or  nearly  so,  except  six  ;  namely,  the  nitrat, 
Quriat,  acetite,  lactat,  benzoat,  and  prussiat ;  from  the 


*  Except  salts  of  gold,  platinum,  antimony,  and  tellurium, 
f  Except  salts  of  platinum,  zinc,  arsenic,  and  manganese. 
X  Five  of  them  are  still  unknown ;  namely,  the  oxy-muriat,  molybdaf, 
thromat,  gallat,  and  sebat. 

G  a 
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Book  II.  solutions  of  these,  sulphuric  acid  occasions  a  white  hea- 
Division  n.         _  ,  , 

»— V— —   vy  insoluble  precipitate. 

6.  All  salts  whose  base  is  strontian  are  nearly  inso» 
liible  in  water,  as  far  as  they  have  been  examined,  ex- 
cept six ;  nannely,  nitrat,  muriat,  oxy-muriat,  acetite, 
tartrite,  and  citrat.  These  also  yield  an  insoluble  white 
powder  with  sulphuric  acid  But  the  alkalies  occasion 
no  precipitate  either  in  the  solutions  of  barytic  or  stron- 
tian salts.  '  / 

7.  All  salts  whose  base  is  lime  are  very  sparingly 
soltible  in  water  except  ten ;  namely,  nitrat,  muriat, 
oxy-muriat,  arseniat,  acetite,  malar,  lactat,  benzoat, 
prussiat,  and  sebat.  The  lime  is  precipitate  from  these 
solutions  by  oxalic  acid,  fixed  alkalies,  and  by  sulphu- 
ric acid,  if  the  solution  be  concentrated,  but  not  by  am- 
monia. 

8.  The  magnesian  salts  are  all  soluble  in  water  ex- 
cept seven  ;  namely,  phosphite,  fluat,  carbonat,  oxalat, 
tartrite,  mucite,  and  camphorat.  Their  solution  yields 
a  precipitate  with  ammonia,  which  forms  with  sulphu' 
ric  acid  a  very  soluble  bitter  salt. 

9.  The  alkaline  earths  form  with  acids  a  great 
er  number  of  salts  soluble  in  water  in  proportio 
as  the  alkaline  properties  of  the  earth  diminish.  B 
rytes  forms  salts,  the  greater  number  of  which  are  ia 
soluble  ;  strontian  seems  to  form  a  greater  number 
soluble  salts  than  barytes  ;  lime  forms  a  still  greate 
number  ;  and  almost  the  whole  of  the  magnesian  sal 
are  soluble  in  water. 

10.  Six  of  the  aluminous  salts  are  insoluble  in  water 
namely,  sulphite,  phosphat,  borat,  arseniat,  tungsta' 
and  mucite.  The  alumina  us  salts  are  all  deprived  o 
their  acid  by  heat.    With  potass  they  yield  a  preci 
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-  ite  which  dissolves  in  sulphuric  acid  ;  and  when  sul-    Chap.  III. 
phat  of  potass  is  added  to  the  solution,  crystals  of  alum 
;ue  gradually  obtained.    The  aluminous  salts  let  fall  a 

irecipitate  when  hydrosulphuret  of  potass  is  dropt  into 

:ieir  solution. 

II.  The  salts  of  yttria  are  decomposed  by  heat  and 
by  alkalies;  they  have  a  sweetish  astringent  taste; 
triple  prussiat  of  potass  and  infusion  of  nutgalls  occa- 
on  a  precipitate  when  poured  into  their  solutions. 
I  2.  The  salts  of  glucina  are  decomposed,  by  heat  and 
hy  alkalies  :  they  have  a  sweetish  taste.    The  precipi- 
ice  separated  from  them  by  alkalies,  redissolved  in. 
nitric  or  muriatic  acid,  is  again  precipitated  by  the 
I  fusion  of  nutgalls,  but  not  by  triple  prussiat  of  pot- 

13.  The  zirconian  salts  have  an  austere  taste:  they 
re  decomposed  by  heat  and  by  alkalies.    The  precipi- 
ite  separated  from  them  by  these  last  bodies,  when 
'  edissolved  in  muriatic  acid,  is  precipitated  by  hydro- 
ulphuret  of  potass,  triple  prussiat  of  potass,  and  by  the 
infusion  of  nutgalls. 

The  second  order  of  salts  is  divisible  into  21  genera, 
xch  of  which  may  be  recognised  by  the  characters  gi- 
en  in  the  second  Section.    The  species  in  these  genera 
may  be  distinguished  from  each  other  by  the  proper- 
lies  of  the  different  acids  which  form  them  ;  and  these 
ii  operties  have  been  enumerated  in  the  first  Section  as 
le  characteristic  marks  of  the  genera  of  earthy  and  me- 
lUic  salts. 

The  following  Table,  which  gives  a  synoptical  view 
of  the  properties  of  the  most  important  salts,  wUl  add 
jnsiderably  to  the  facility  of  distinguishing  the  difFe- 
cnt  species. 
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Book  II. 
Piviston  )I. 


CHAP.  IV. 


OF  HYDROSULPHURETS. 


of  suiphu'  Sulphurated  hydrogen  gas  possesses  the  properties 
rated  hy-  of  an  acid.  It  is  absorbed  bj  water  in  considerable  quan- 
drogen.  tities,  and  the  solution  reddens  vegetable  blues ;  it  com- 
bines also  with  alkalies  and  earths,  and  with  several 
metallic  oxides.  The  greater  number  of  these  proper- 
ties were  first  pointed  out  with  precision  by  Mr  Kir- 
wan  ;  but  they  were  afterwards  much  more  fully  deve- 
loped by  Berthollet. 

Liquid  sulphurated  hydrogen,  or  sulphurated  hydro- 
gen gas  dissolved  in  water,  is  not  decomposed  by  expo- 
sure to  the  air  ;  but  the  gas  is  gradually  separated  and 
carried  oiF  by  the  air  without  decomposition.  When 
sulphurous  acid  is  mixed  with  this  solution,  both  the 
sulphurated  hydrogen  and  the  acid  are  in  a  great  mea- 
sure decomposed  ;  the  hydrogen  of  the  one  combines 
with  the  oxygen  of  the  other,  and  forms  water  ;  while 
the  sulphur  of  both  is  precipitated,  as  was  first  ob- 
served by  Fourcroy,  and  more  fully  ascertained  by  Ber- 
thollet.   Nitric  acid  produces  the  same  effect  unless  it 
be  too  much  diluted  with  water.  Hence  the  reason  that 
sulphur  precipitates  when  that  acid  is  mixed  with  wa- 
ter, holding  sulphurated  hydrogen  in  solution,  as  Berg- 
man  first  observed.    Oxy-muriatic  acid,  on  the  other 
hand^  converts  tl;e  sulphurated  hydrogen  into  water 
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ijind  sulphuric  acid,  bj  supplying  both  of  its  component  Chap.  IV. 
J  parts  with  oxygen. 

Sulphurated  hydrogen  has  a  strong  action  on  the  ^^^^^^'^^^^ 
J  greater  nuruber  of  metallic  oxides ;  its  hydrogen  ab- 
>  stracts  oxygen  from  these  bodies,  and  thus  either  brings 
i  them  to  the  metallic  state  or  to  a  minimum  of  oxygen; 
*  while  at  the  same  time  its  sulphur  combines  with  the 
I  metal  thus  regenerated.  Hence  the  reason  of  the  change 
I  produced  upon  the  solutions  of  the  metallic  salts  by 
I  the  infusion  of  liquid  sulphurated  hydrogen.  All  the 
i  genera  of  metallic  salts  are  precipitated  by  this  sub-- 
5  stance  excepting  five  j  namely,  those  which  contain  the 
i  following  metals : 

T.  Iron,  4.  Manganese, 

2.  Nickel,  5.  Titanium:  and  also 

3.  Cobalt,  6.  Molybdenum*. 

BerthoUet  and  Proust  have  shewn,  that  the  oxides  of  Nature  of 
>  1      the  preapi-' 

!  these  metals  are  reduced  by  sulphurated  hydrogen  to  a  tates, 

minimum  of  oxygen  ;  but  as  in  that  state  they  have 

but  little  affinity  for  sulphur,  they  continue  combined 

•with  the  acids  which  held  them  at  first  in  solution.  Tin, 

on  the  other  hand,  which  at  a  minimum  of  oxidation 

has  a  strong  affinity  for  sulphur,  is  precipitated,  though 

sulphurated  hydrogen  only  reduces  it  to  a  minimum  of 

oxidation. 

The  metallic  solutions  differ  considerably  in  the  fa- 
cility with  which  they  afford  precipitates  with  sulphu- 
rated hydrogen ;  and  Mr  Proust  has  shewn  that,  with 
a  little  address,  metals  may,  in  many  cases,  be  separa- 
ted from  each  other  by  means  of  this  agent.  For  in- 
stance, if  copper,  lead,  zinc,  and  iron,  be  held  in  solu- 


«  When  in  the  state  of  an  acid  and  combined  with  an  alka^'. 
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Book  II.    tlon  top;ether  in  nitric  acid,  sulphurated  hydrogen  first 

Division  II.  °  •      ,     e  r  i  •  • 

I— -y— J  separates  the  copper  m  the  form  of  a  black  precipitate, 
which  may  be  removed  by  filtration  ;  next,  the  lead  ; 
and,  lastly,  the  zinc ;  while  the  iron  still  continues  in 
solution  *.  The  different  metals  may  be  distinguished 
by  the  colour  of  the  precipitate  whicli  their  solutions 
yield  with  sulphurated  hydrogen.  The  colours  of  these 
different  precipitates  may  be  seen  in  the  following 
Table  : 


Gold  

.  .  .  Black 

Tin  .  

.  .  .-Black 

.  .  Black 

.  .  .  Yellow 

J5uper^l-  Sulphurated  hydrogen  has  the  property  of  combining 
hydrogen.  With  sulphur,  and  of  forming  a  compound  which  has 
the  appearance  of  a  yellow  oil.  It  was  first  observed 
by  Scheelef ;  and  Serthollet  J,  who  first  examined  its 
nature,  has  given  it  the  name  of  hydrogenated  sulphur. 
When  hydrogenated  sulphuret  of  potass  is  poured  by 
little  and  little  into  muriatic  acid,  scarcely  any  sulphu- 
rated hydrogen  gas  is  exhaled,  but  hydrogenated  sul- 
phur gradually  precipitates  to  the  bottom  of  the  vessel. 
This  substance,  when  heated,  easily  allows  the  sulphu- 


*  Jour,  de  Thys.  li.  1 74.  |  Schccle  on  Fire,  p.  192.  EngL  Traiifc 

\  Ann,  de  Lbint.  XXV.  247^ 
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rf  ated  hydrogen  gas  to  exhale,  and  is  converted  into  sul- 
rphur.  The  same  change  takes  place  when  it  is  exposed 
uto  the  open  air. 

Thus  we  see  that  sulphur  and  hydrogen  are  capable 
3  of  combining  in  two  proportions,  or,  which  is  the  same 
t  thing,  that  hydrogen  combines  with  two  doses  of  sul- 
fphur.  The  first  of  these  constitutes  sulphurated  hydro- 
j  gen  gas,  or  hepatic  air  ;  which,  according  to  Thenart, 
lis  composed  of  about    29  hydrogen 

7 1  sulphur 

1 09 

The  addition  of  another  dose  of  sulphur  constitutes 
I  hydrogenaied  sulphur,  which  Mr  Kirwan  has  with  great 
\  propriety  denominated  super-sulphurated  hydrogen  ;  a 
1  name  which  certainly  ought  to  be  adopted  *.  Both  of 
« these  substances  combine  with  different  bases,  and  con- 
i  Stitute  very  peculiar  genera  of  compounds,  which  de- 
serve  a  particular  examination  on  account  of  the  import- 
.  ant  purposes  which  they  serve  in  analysis.  The  com- 
i  binations  which  sulphurated  hydrogen  forms  with  bases, 
I  have  been  called  by  BerthoUet  hydrosulphurets^  and  the 
I  compounds  formed  by  super-sulphurated  hydrogen,  by- 
.  drogenated  sulphurets  \. 

The  alkaline  and  earthy  hydrosulphurets  may  be  Hydrosul- 
•  formed  by  dissolving  or  mixing  these  bases  respectively 


*  Kirwan  on  Mineral  Waters,  p.  II. 

•(■  This  denomination,  as  Kirwan  has  well  observed,  is  very  improper, 
as  it  docs  not  indicate  the  composition,  and  is  exceedingly  unwieldy, 
Mr  Kirwan  uses  the  term  btpatule  instead  of  hydroiulphuret,  and  hepar 
'  for  hydro^enated  sulphuret.    Hepar  would  certainly  be  far  preferable,  were 
:  it  not  unluckily  ambiguous,  having  been  used  likt  wis".  t"  dcote  the  sul- 
\  phurets.   However,  I  shall  use  it  occ^isionally  in  Kirwan's  sense. 


Chap.  IV. 
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Book  11.    with  water,  and  causing  sulphurated  hydrogen  gas  to 
Division  II.  ' 
'  ^  '  pass  through  them  till  they  refuse  to  absorb  any  more. 

How  form-  'j-j^^  excess  of  the  gas  is  driven  olFby  heating  the  solu. 

tion  It  is  proper  to  cause  the  sulphurated  hydrogen 
gas  to  pass  through  a  small  vessel  of  water  belore  it 
reaches  the  base  with  wliich  it  is  to  combine,  in  order 
to  separate  any  impurities  with  which  it  might  be 
mixed.  By  this  method  solutions  of  the  different  hydro- 
sulphurets  in  water  may  be  obtained.  They  are  colour- 
less and  transparent  while  kept  in  close  vessels,  but 
when  exposed  to  the  air,  they  soon  become  coloured. 
This  change  is  produced  by  the  decomposition  of  part 
of  their  sulphurated  hydrogen  by  the  air.  Its  hydrogen 
combines  with  the  oxygen  of  the  air,  and  forms  water, 
while  the  sulphur  is  set  at  liberty,  and  thus  darkens  the 
colour.  Hitlaerto  only  the  alkalies,  alkaline  earths,  and 
magnesia,  have  been  combined  with  sulphurated  hydro- 
gen. Alumina  and  zirconia  do  not  combine  with  it  at 
all :  glucina  and  silica  have  not  been  tried. 

If  these  compounds  be  decomposed  while  they  are  co» 
lourless,  by  pouring  upon  them  sulphuric  acid,  muriatic 
acid,  or  any  other  acid  which  does  not  act  upon  hydro- 
gen, the  sulphurated  hydrogen  gas  exhales  without  the 
deposition  of  a  single  particle  of  sulphur;  but  if  the  hy- 
drosulphuret  has  become  yellow,  some  sulphur  is  always 
deposited  during  its  decomposition,  and  the  quantity  of 
sulphur  is  proportioned  to  the  deepness  of  the  colour. 

The  yellow  colour,  therefore,  wliich  hydrosulphurets 
acquire  by  exposure  to  the  atmosphere  is  owing  to  a 
commencement  of  decomposition.  Part  of  the  hydro- 
gen of  the  sulphurated  hydrogen  abandons  the  sulphur, 
combines  with  the  oxygen  of  the  atmosphere,  and 
forms  water.    By  degrees,  however,  a  portion  of  the 
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sulpllur  is  also  converted  Into  an  acid ;  and  when  the 
proportion  of  sulphurated  hydrogen  is  diminished,  and 
that  of  the  sulphur  increased  to  a  certain  point,  the  sul- 
phur and  the  hydrogen  combine  equally  with  oxygen. 
If  sulphuric  or  muriatic  acids  be  poured  upon  a  hy- 
t'drosulphuret  after  it  has  been  for  some  time  exposed  to 
t  the  air,  a  quantity  of  sulphurated  hydrogen  gas  exhales, 
s  sulphur  is  deposited,  and  after  an  interval  of  time  sul- 
;  phurous  acid  is  disengaged.    It  is  therefore  sulphurous, 
■i  and  not  sulphuric  acid,  which  is  formed  while  the  hy- 
t  drosulphuret  spontaneously  absorbs  oxygen.  This  acid, 
'  however,  is  not  perceptible  till  after  a  certain  interval 
of  time,  when  separated  from  the  hydrosulphuret  by 
;  means  of  an  acid  ;  because  as  long  as  it  meets  with  sul- 
phurated hydrogen  a  reciprocal  decomposition  takes 
place.    The  oxygen  of  the  acid  combines  with  the  hy- 
drogen of  the  gas,  and  the  sulphur  of  both  is  precipi- 
tated. 

These  hydrosulphurets  have  not  been  sufficiently  propertio*. 
examined  to  admit  of  a  detailed  description  of  each. 
None  of  them  seem  capable  of  crystallizing  except  the 
hydrosulphuret  of  barytes.  If  a  solution  of  sulphuret 
of  barytes  in  water,  or,  more  properly,  if  hydrogenous 
sulphuret  of  barytes  be  evaporated,  a  great  number  of 
confused  crystals  are  formed  j  if  these  be  separated 
quickly  by  filtration,  and  placed  upon  blotting  paper  to 
dry,  a  white  crystalline  substance  is  obtained,  which  is 
hydrosulphuret  of  barytes. 

The  affinities  of  the  alkalies  amd  earths  for  sulphura- 
ted hydrogen  appear  from  the  experiments  of  Berthol- 
let  to  be  as  follows  : 

Barytes,  Affinitlcfc 

Potass, 


lid 
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Precipitate 
meuls. 


Soda, 

Lime, 

Ammonia, 

Magnesia, 

Zirconia. 

The  hydrogenated  sulphurets  or  hepars  of  alkalies  znd 
earths  may  be  formed  by  boiling  the  base  together  with 
sulphur  in  a  quantity  of  pure  water,  or  by  dissolving  their 
sulphurets  in  water ;  in  either  case,  super-sulphurated 
hydrogen  is  formed,  which  combines  with  the  base. 
These  compounds  were  known  formerly  by  the  name  of 
liquid  hepars  or  livers  of  sulphur.  ■  They  may  be  formed 
also,  as  Berthollet  has  shown,  by  pouring  a  liquid  hy- 
drosulphuret  upon  sulphur  a  portion  of  the  sulphur  is 
dissolved  without  the  assistance  of  heat,  the  liquid  be- 
comes dark-coloured,  and  is  converted  into  hydroge- 
nated sulphuret  *.  When  prepared  by  the  first  process, 
they  contain  an  excess  of  sulphur,  which  seperates  when 
sulphurated  hydrogen  is  made  to  pass  through  them. 

The  hydrosulphurets  and  hydrogenated  sulphurets 
have  the  property  of  precipitating  all  metallic  bodies 
from  any  solution  in  which  they  may  be  contained. 
They  are  therefore  very  valuable  tests  of  the  presence 
of  metals,  as  they  do  not  precipitate  any  of  the  earths 
except  alumina  and  zirconia.  The  metallic  precipitates 
are  occasioned  by  the  combination  of  sulphurated  hy- 
drogen, or  of  sulphur  with  the  metallic  body,  which  is 
always  deprived  of  a  portion  or  of  the  whole  of  its  oxy- 
gen, while  at  the  same  time  the  base  of  the  hydrosul- 
phuret  combines  with  the  acid  which  held  the  oxide 
in  solution.    The  precipitate  of  alumina  and  zirconia 


#  Ann.  de  Cbim,  wv.  5t4». 
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is  occasioned  by  the  base  of  the  hydrosulphuret,  while  Chap.  IV. 
the  sulphurated  hydrogen  is  exhaled  in  the  state  of  * 
gas,  nor  being  susceptible  of  combining  with  these 
earths.  Hydrosulphuret  or  hydrogenated  sulphuret  of 
potass  is  usually  made  choice  of  for  these  precipitations, 
and  the  peculiar  metal  precipitated  may  in  many  cases 
be  ascertained  by  the  colour  of  the  precipitate.  The 
colour  of  these  different  precipitates  may  be  seen  by  the 
following  Table  :  ' 

Metals  Precipitate  hj 

Hydrosulphuret        Hydrogenated  sulphuret 
of  Potass  of  Potass. 

Gold  Yellow  ....  Yellow. 

Silver  Black  Black. 

Mercury  .  .  .  Brown  black  .  Brown,  becoming  black. 

Copper.  .  .  .  Black  Brown. 

Iron  Black  Black,  becoming  yellow. 

Tin  Black  

:  Lead  Black  White,  becoming  black 

'  Nickel  ....  Black  

Zinc  White  .  White. 

Bismuth  .  .  .  Black  Black. 

Antimony  .  .  Orange   ....  Orange-yellow. 

Tellurium  .  .  Black  .''  Deep  brown  or  black. 

Arsenic  .  .  .  Yellow  Yellow. 

Cobalt  ....  Black  

Manganese  .  White  

Uranium  .  .  Brown  Brownish-yellow  *. 

Titanium  .  .  Glass-green  . .  Bluish-green  *. 

Chromum  .  .  Green  

']  he  nature  of  these  precipitates  has  hitherto  been  very 

much  overlooked  by  chemists.    The  subject,  however. 


«  In  these  experiments  hepar  of  ammonia  was  used  by  Klaproth. 
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deserves  a  very  particular  examination.    The  followlii; 
observations  will  give  a  pretty  complete  view  of  the  pre- 
sent state  of  our  knowledge. 

1.  Stahl  ascertained  long  ago  that  sulphuret  of  potass  19 
capable  of  oxidating  gold  when  melted  with  it  in  a  cru- 
cible, and  that  the  tnixture  is  soluble  in  water  and  has 
a  yellow  colour  ;  but  the  nature  of  this  combination 
has  not  hitherto  been  investigated  *. 

2.  Lewis  has  ascertained  that  platinum  is  attacked 
■when  treated  in  the  same  way  by  sulphuret  of  potass  } 
but  the  nature  of  the  combination  is  still  unknown. 

3.  Silver  is  capable  of  combining  with  sulphurated 
hydrogen ;  but  the  black  precipitate  occasioned  by 
pouring  a  hydrosulphuret  into  a  solution  of  silver, 
seems  to  consist  chiefly  of  sulphuret  of  silver. 

4.  The  same  observation  applies  to  mercury  ;  but 
BerthoUet  has  shewn  that  the  black  mercurial  sulphu- 
ret contains  also  a  portion  of  sulphurated  hydrogen. 

5.  Copper  is  capable  of  existing  in  the  state  of  a  hy- 
drogenated  sulphuret ;  its  precipitate  seems  to  be  near- 
ly in  that  state,  or  at  least  to  be  a  sulphuret  with  ex- 
cess of  sulphur. 

6.  Iron  also  forms  a  hydrogenated  sulphuret,  which 
is  soluble  in  water,  and  has  a  deep  green  colour  ;  but 
the  precipitate  of  that  metal  by  a  hydrosulphuret  is 
probably  the  black  oxide  combined  with  sulphur. 

7.  The  precipitates  of  tin,  lead,  and  zinc  seem  to  be 
sulphurets. 

8.  The  precipitate  produced  in  antimonial  solutions 
by  hydrosulphuret  of  potass,'  is  the  only  one  of  them 
all  which  has  been  hitherto  examined  with  attention. 
It  has  an  orange  colour,  and  has  been  shewn  by  Ber- 


*  Stahl's  Opusc,  Cb'mt.  Pbys,  Med.  p.  606. 
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let  and  Thenart  to  be  a  compound  of  oxide  of  anti-    Chap.  iv. 
ly  and  super-sulphurated  hydrogen.  This  compound, 
cr  the  name  of  iermes  mineral^  acquired  very  great  Keimesml- 
brity  for  its  medical  virtues  about  the  beginning  of 
1 8th  century.    The  method  of  preparing  it  was 
discovered  by  Glauber,  and  afterwards  by  Lemery 
Elder  ;  but  it  was  first  brought  into  vogue  in  France 
a  priest  called  Simon,  who  was  taught  the  secret  of 
>aring  it  by  La  Ligerie,  a  surgeon,  to  whom  it  had 
1  communicated  by  a  pupil  of  Glauber.  The  French 
;  ernment  purchased  the  secret  from  La  Ligerie,  and 
lished  the  process  in  1720.    It  was  very  tedious 
ill  contrived,  consisting  in  boiling  repeatedly  a  very 
ted  solution  of  potass  on  sulphuret  of  antimony  5 
.nail  portion  of  kermes  precipitated  as  the  solution 
■led.    The  process  of  Lemery  was  therefore  adopt- 
by  apothecaries.    It  is  the  following  : 

xteen  parts  of  sulphuret  of  antimony,  eight  parts 
jotass  of  commerce,  and  one  part  of  sulphur,  are  tri- 
ited  together  i«  a  mortar,  melted  in  a  crucible,  and 
mass  poured  into  an  iron  vessel.    When  cold  it  is 
nded,  and  boiled  in  a  sufficient  quantity  of  water, 
the  solution  is  filtered  while  hot.    On  cooling,  it 
oosites  the  kermes  abundantly  in  the  state  of  a  yel- 
■  powder,  which  is  edulcorated  with  a  sufficient 
entity  of  water,  and  dried :  Or  six  parts  of  potass 
ry  be  dissolved  in  twenty  parts  of  water,  and  to 
solution,  previously  made  boiling  hot,  one  part  of 
I  nded  sulphuret  of  antimony  may-be  added.  The 
Utlon,  well  agitated,  boiled  for  seven  or  eight  mi- 
:es,  and  filtered  while  hot,  deposites  on  cooling  abun* 
:ce  of  kermes. 

This  powder  occupied  a  good  deal  of  the  attention  of 
Vol.  in.  ^  • 
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chemists.    Bergman  first  demonstrated  that  it  contain 
ed  sulphurated  hydrogen  ;  but  it  was  Berthollet  wh< 
first  pointed  out  its  true  composition.    From  the  ana 
lysis  of  Thenart  it  follows  that  it  is  composed  of 
20.30  sulphurated  hydrogen 

4.15  sulphur 
72.76  brown  oxide  of  antimony 
2.79  w^ater  and  loss 


100.00 


When  this  substance  is  exposed  to  the  air,  it  graduall 
absorbs  oxygen,  and  becomes  white. 

After  the  mineral  kermes  has  precipitated  from  i 
solution  prepared  by  either  of  the  formulas  above  d< 
scribed,  if  an  acid  be  added  to  the  liquid,  another  pr< 
cipitate  is  produced  of  an  orange  colour,  hence  calli 
sulphur  auratum.  According  to  the  analysis  of  Th« 
nart,  it  is  composed  of  i  7.87  sulphurated  hydrogen 

68.30  orange  oxide 
12.00  sulphur 

98.17! 

The  sulphur  seems  to  be  only  mechanically  mixed 
consequently  the  sulphur  auratum  is  a  hydrosulphun 
of  antimony.  Goettling  has  proposed  the  followic 
process  for  obtaining  this  compound  :  Two  parts 
sulphuret  of  antimony  and  three  parts  of  sulphur  w 
mixed  are  dissolved  in  a  boiling  solution  of  pure  po 
ass  ;  the  solution  is  then  diluted  with  water,  and  prec: 
pitated  by  means  of  weak  sulphuric  acid;};. 


*  Ann.  de  Cbim.  XXxii.  i68. 
\  Bergman  iii.  17a. 


t  Ibid, 
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CHAP.  V. 

OF  SOAPS. 


:The  fixed  oils  have  the  property  of  combining  with 
alkalies,  earths,  and  metallic  oxides,  and  of  forming 
with  these  bodies  a  class  of  compounds  which  have  re- 
ceived the  name  of  .soaps.  As  these  soaps  differ  from 
each  other  verj  materially>  according  as  their  base  is 
an  alkali,  an  earth,  or  an  oxide,  it  will  be  proper  to 
consider  each  set  separately.  This  will  be  the  subject 
of  the  three  following  Sections. 


SECT.  I. 


OF  ALKALINE  SOAPS. 


As  there  are  a  great  number  of  fixed  oils,  all  or  most 
of  which  are  capable  of  combining  with  alkalies,  earths, 
and  oxides,  it  is  natural  to  suppose  that  there  are  as 
many  genera  of  alkaline  soaps  as  there  are  oils.  That 
there  are  differences  in  the  nature  of  soaps  correspond- 
ing to  the  oil  which  enters  into  their  composition,  is 
certain  ;  hut  these  differences  are  not  of  sufficient  im- 
portance to  rec[uire  a  particular  description.    It  will 

H  a 


ii6 


ALKALINE 


ofviaionu  Sufficient  therefore  to  divide  the  alkaline  soaj;, 
into  as  many  species  as  there  are  alkalies,  and  to  consi- 
der those  soaps  which  have  the  same  alkaline  base,  but 
differ  in  their  oil,  as  varieties  of  the  same  species. 


Hljtory. 


Prepara- 
tion, 


S/>.  I.    Soop  of  Soda,  or  Hard  Soap. 

The  word  soap  {sapo,  (rarwv )  first  occurs  in  the  works 
of  Pli  ny  and  Galen,  and  is  evidently  derived  from  the 
old  German  word  sepe  *.  Pliny  informs  us  that  soap 
was  first  discovered  by  the  Gauls  ;  that  it  was  compo- 
sed of  tallow  and  ashes  ;  and  that  the  German  soap 
was  reckoned  the  bestf. 

Soap  may  be  prepared  by  the  following  process  :  A 
quantity  of  the  soda  of  commerce  is  pounded  and  mix- 
ed in  a  wooden  vessel,  with  about  a  fifth  part  of  its 
weight  of  lime,  which  has  been  slacked  and  passed 
through  a  sieve  immediately  before.  Upon  this  mix- 
ture a  quantity  of  water  is  poured,  considerably  more 
than  what  is  sufficient  to  cover  it,  and  allow-ed  to  re- 
main on  it  for  several  hours.  The  lime  attracts  the 
carbonic  acid  from  the  soda,  and  the  water  becomes 
strongly  impregnated  with  the  pure  alkali.  This  wa- 
ter is  then  drawn  off  by  means  of  a  stop-cock,  and  call- 
ed the  first  ley.    Its  specific  gravity  should  be  about 

1,200. 

Another  quantity  of  water  is  then  to  be  poured  up- 
on the  soda,  which,  after  standing  two  or  three  hours, 
is  also  to  be  drawn  off  by  means  of  the  stop-cock,  and 
called  the  second  ley. 


*  Beckman  iWniory  e/'7/ive/;/;«n^,iii.339.— A  similar  word  is  still  used 
by  the  commrh  people  of  Scotland, 
j  Pliny ,lib,  xvHi.  c.  51. 
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Another  portion  of  water  is  poured  on  ;  and  after  ^  Chap.  V. 
:;tandii)g  a  sufficient  time,  is  drawn  off  like  the  other 
v*wo,  and  called  the  third  ley. 

Another  portion  of  water  may  still  be  poured  on,  in 
:)rder  to  be  certain  that  the  whole  of  the  soda  is  dissol- 
ved ;  and  this  weak  ley  may  be  put  aside,  and  employ- 
id  afterwards  in  forming  the  first  ley  in  subsequent  o- 
eerations. 

A  quantity  of  oil,  equal  to  six  times  the  weight  of 
ihe  soda  used,  is  then  to  bej)ut  into  the  boiler,  together 
:>ith  a  portion  of  the  third  or  weakest  leyy  and  the  mix- 
;iire  must  be  kept  boiling  and  agitated  constantly  by 
Cleans  of  a  wooden  instrument.  The  whole  of  the  third 
v:y  is  to  be  added  at  intervals  to  the  mixture ;  and  after 

is  consumed,  the  second  ley  must  be  added  in  the 
mme  manner.    The  oil  becomes  milky,  combines  with 
me  alkali,  and  after  some  hours  it  begins  to  acqviire 
insistence.  A  little  of  the  first  ley  is  then  to  be  added, 
)Dt  forgetting  to  agitate  the  mixture  constantly.  Por- 
Dons  of  the  first  ley  are  to  be  added  at  intervals  ;  the 
>»apy  substance  acquires  gradually  greater  consistency, 
lod  at  last  it  begins  to  separate  from  the  watery  part 
'the  mixture.    A  quantity  of  common  salt  is  then  to 
:  added,  which  renders  the  separation  much  more  com- 
eete.    The  boiling  is  to  be  continued  still  for  two 
I'jurs,  and  then  the  fire  must  be  withdrawn,  and  the  li- 
wox  must  be  no^  longer  ngitated.    After  some  hours 
ppose  the  soap  separates  completely  from  the  watery 
.rt,  and  swims  upon  the  surface  of  the  liquor.  The 
latery  part  is  then  to  be  drawn  off ;  and  as  it  contains 
rquantity  of  carbonat  of  soda,  it  ought  to  be  reserved 
T  future  use. 

'The  fire  is  then  to  be  kindled  again  ;  and,  in  order 

H3 


ii8 

Book  II. 
Division  11. 


ALKALINE 

to  facilitate  the  melting  of  the  soap,  a  little  water,  or 
rather  weak  ley,  is  to  be  added  to  it.  As  soon  as  it 
boils,  the  remainder  of  the  first  ley  is  to  be  added  to  it 
at  intervals.  When  the  soap  has  been  brought  to  the 
proper  consistence,  which  is  judged  of  by  taking  out 
small  portions  of  it  and  allowing  it  to  cool,  it  is  to  be 
withdrawn  from  the  fire,  and  the  watery  part  separated 
from  it  as  before.  It  is  then  to  be  heated  again,  and  a 
little  water  mixed  with  it,  that  it  may  form  a  propef 
paste.  After  this  let  it  be  poured  into  the  vessels  prop^ 
for  cooling  it ;  in  the  bottom  of  which  there  ought  to 
be  a  little  chalk  in  powder,  to  prevent  the  soap  from 
adhering.  In  a  few  days  the  soap  will  have  acquired 
sufficient  consistence  to  be  taken  out,  and  formed  intc 
proper  cakes 

The  use  of  the  common  salt  in  the  above  process  i. 
to  separate  the  water  from  the  soap  ;  for  common  sal 
has  a  stronger  affinity  for  water  than  soap  has. 

Olive  oil  has  been  found  to  answer  best  for  makinj 
soap,  and  next  to  it  perhaps  tallow  may  be  placed  :  b' 
a  great  variety  of  other  oils  may  be  employed  for 
purpose,  as  appears  from  the  experiments  of  the  Fren 
chemists  above  quoted.    They  found,  however,  th; 
linseed  oil  and  whale  oil  were  not  proper  for  maki 
hard  soaps,  though  they  might  be  employed  with  a( 
vantage  in  the  manufacture  of  soji  soaps.  Whale  oil  h; 
been  long  used  by  the  Dutch  for  this  last  purpose. 

Soap  may  also  be  made  without  the  assistance 
heat ;  but  in  that  case  a  much  longer  time  and  a  lafj 
proportion  of  alkali  is  necessary. 


•  Sec  the  Memoir  of  Darcet,  Lclievre,  and  Pcllctier,  in  the 
Chim.  xix.  353. 
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Manufacturers  have  contrived  various  methods  of  so-    Chap.  V. 

>  J  ' 

sticating  soap,  or  of  adding  ingredients  which  in-  Sophistka- 
^ase  its  weight  without  increasing  its  value.  The 
St  common  substance  used  for  that  purpose  is  water  j 
ich  may  be  added  in  considerable  quantities,  especial- 
.    to  soap  made  with  tallow  (the  ingredient  used  in  this 
)0untry),  without  diminishing  its  consistency,  ihis 
;"aud  may  be  easily  detected,  by  allowing  the  soap  to 
re  for  some  time  exposed  to  the  air.    The  water  will 
vaporate  from  it,  and  its  quantity  will  be  discovered , 
-y  the  diminution  of  the  weight  of  the  soap.    As  soap 
lophisticated  in  this  manner  would  lose  its  water  by  be- 
.ig  kept,  manufacturers,  in  order  to  prevent  that,  keep 
(heir  soap  in  saturated  solutions  of  common  salt;  which 
:o  not  dissolve  the  soap,  and  at  the  same  time,  by  pre- 
lenting  all  evaporation,  preserve,  or  rather  increase,  the 
:/eight  of  the  soap.    Messrs  Darcet,  Lelievre,  and  Pel- 
■;tier,  took  two  pieces  equal  in  weight  of  soap  sophisti- 
iated  in  this  manner,  and  placed  the  one  in  a  dry  place 
11  the  open  air,  and  the  other  in  a  saturated  solution  of 
3ommon  salt,    After  a  month  the  first  had  lost  0.56  of 
KS  weight,  the  other  had  gained  about  o.io  parts*, 
'"^arious  other  methods  have  been  fallen  upon  to  sophis- 
ixate  soap ;  but  as  they  are  not  generally  known,  it 
•/ould  be  doing  an  injury  to  the  public  to  describe 
ihem  here. 

Different  chemists  have  analysed  soap,  in  order  to  as-  Analysis, 
certain  the  proportions  of  its  ingredients-,  but  the  re- 
-ult  of  their  experiments  is  various,  because  they  used 
.oap  containing  various  quantities  of  water.    From  the 
.experiments  of  Darca,  Lelievre,  and  Pelletier,  it  ap-. 


*  Ann.  de  Chim.  xix.  33O. 
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60.94  oil 

8.56  alkali 

30.50  water 


1  GO-GO 


Soap  is  soluble  both  in  water  and  in  alcohol.  Iti 
properties  as  a  detergent  are  too  well  known  to  require 
any  description. 

Soap  made  with  tallow  and  soda  has  a  white  colour, 
and  is  therefore  known  by  the  name  of  white  soap  : 
but  it  is  usual  for  soap-makers,  in  order  to  lower  the 
price  of  the  article,  to  mix  a  considerable  portion  of 
rosin  with  the  tallow  ;  this  mixture  forms  the  commort 
yellow  soap  of  this  country. 

Sp.  2.    Soap  of  Potass  or  Soft  Soap. 

Formation.  PoTASS  may  be  substituted  for  soda  in  making  soap,  || 
and  in  that  case  precisely  tlie  same  process  is  to  be  fol- 
lowed. It  is  remarkable,  that  when  potass  is  used,  the 
soap  does  not  assume  a  solid  form ;  its  consistence  is 
never  greater  than  that  of  hog's  lard.  This  is  what  in 
this  country  is  called  soft  soap.  Its  properties  as  a  de- 
tergent do  not  differ  materially  from  those  of  hard  soap, 
but  it  is  not  nearly  so  convenient  for  use.  The  alkali  L 
employed  by  the  ancient  Gauls  and  Germans  in  thd 
formation  of  soap  was  potass  ;  hence  we  see  the  reason 
that  it  is  described  by  the  Romans  as  an  unguent.  The 
oil  employed  for  making  soft  soap  in  this  country  is 
•whale  oil.  A  little  tallow  is  also  added,  which,  by  pe- 
culiar management,  is  dispersed  through  the  soap  iri 
fine  white  spots. 

Some  persons  have  afErmed  that  they  knew  a  me-» 
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d  of  making  hard  soap  with  potass.    Their  method    Chap.  v. 
^  this  :  After  forming  the  soap  in  the  manner  above  de- 
cribed,  they  add  to  it  a  large  quantity  of  common  salt, 
ooil  it  for  some  time,  and  the  soap  becomes  solid  when 
cooled  in  the  usual  way.    That  this  method  may  be 
>Dractised  with  success  has  been  ascertained  by  Messrs 
Darcet,  Leiievre,  and  Pelletier ;  but  then  the  hard  soap 
hhus  formed  does  not  contain  potass  but  soda :  for  when 
ihe  common  salt  (muriat  of  soda)  is  added,  the  potass 
;>f  the  soap  decomposes  it,  and  combines  with  its  muri- 
itic  acid,  while  at  the  same  time  the  soda  of  the  salt 
■:ombines  with  the  oil,  and  forms  hard  soap :  and  the 
nuriat  of  potaos  formed  by  this  double  decomposition  is 
lissolved  in  water,  and  drawn  off  along  with  it  *. 

Chaptal  has  lately  proposed  to  substitute  wool  in  Soap  of 
blace  of  oil  in  the  making  of  soap.    The  ley  is  formed 
m  the  usual  manner,  and  made  boiling  hot,  and  shreds 
l;f  woollen  cloth  of  any  kind  are  gradually  thrown  into 
t }  tliey  are  soon  dissolved.    New  portions  are  to  be 
-dded  sparingly,  and  the  mixture  is  to"  be  constantly 
.gitated.    When  no  more  cloth  can  be  dissolved,  the 
;oap  is  made  f .  This  soap  is  said  to  have  been  tried  with 
uccess.  It  might  doubtless  be  substituted  for  soap  with 
dvantage  in  several  manufactures,  provided  it  can  be 
'btained  at  a  cheaper  rate  than  the  soaps  at  present 
mployed. 

Some  time  ago  a  proposal  was  made  to  substitute  the  Fish  soap, 
nuscks  of  fish  instead  of  tallow  or  oil  in  the  manufac- 
ure  of  soap  ;  but  the  experiments  of  Mr  Jamieson  have 
Icnionstrated  that  they  do  not  answer  the  purpose 


*  /Inn.  de  ChimrtSK.  322. 

■\  Nicholson's  "Journal,  iii.  113. 
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Division  II.  ^p^  3-    i^oap  of  Ammonia, 

This  soap  was  first  particularly  attended  to  by  Mr 
Berthollet.  It  may  be  formed  by  pouring  carbonat  of 
ammonia  on  soap  of  lime.  A  double  decomposition 
takes  place,  and  the  soap  of  ammonia  swims  upon  the 
surface  of  the  liquor  in  the  form  of  an  oil ;  or  it  may 
be  formed  with  still  greater  ease  by  pouring  a  solution 
of  muriat  of  ammonia  into  common  soap  dissolved  in 
water. 

It  has  a  more  pungent  taste  than  common  soap. 
Water  dissolves  a  very  small  quantity  of  it ;  but  it 
easily  dissolved  in  alcohol.  When  exposed  to  the  air, 
it  is  gradually  decomposed.  The  substance  called  vola- 
tile liniment^  which  is  employed  as  an  external  applica- 
tion in  rheumatisms,  colds,  &c.  may  be  considered  a; 
scarcely  any  thing  else  than  this  soap. 

All  the  alkaline  soaps  agree  in  the  properties  of  solu- 
bility in  water  and  alcohol,  and  in  being  powerful  de- 
tergents. I 


SECT.  II. 

OF  EARTHY  SOAPS, 

The  earthy  soaps  differ  essentially  from  the  alkaline 
in  their  properties.  They  aie  insoluble  in  water,  and 
incapable  of  being  employed  as  detergents.  Ihey  may 
be  formed  very  readily  by  mixing  common  soap  with  a 
solution  of  an  earthy  salt  ;  the  alkali  of  the  soap  com- 
bines with  the  acid  of  the  salt,  while  the  earth  and  oil 
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lite  together  and  form  an  earthy  soap.  Hence  the  Cliap."V. 
eason  that  all  waters  holding  an  earthy  salt  are  unfit 
:or  washing.  They  decompose  common  soap,  and  form 
-in  earthy  soap  insoluble  in  water.  These  waters  are 
well  known  by  the  name  of  hard  waters.  Hitherto  the 
zarthy  soaps  have  been  examined  by  Mr  Berthollet 
©nly. 

Sp.  I.    Soap  of  Lime. 

This  soap  may  be  formed  by  pouring  lime-water  in* 
to  a  solution  of  common  soap.    It  is  insoluble  both  in 
water  and  alcohol.    Carbonat  of  fixed  alkali  decompo- 
ses it  by  compound  affinity  *.    It  melts  with  difficulty, 
land  requires  a  strong  heat. 

Soap  of  barytes  and  of  strontian  resemble  almost  es- 
jactly  the  soap  of  lime. 

Sp.  2.    Soap  of  Magnesia, 

This  soap  may  be  formed  by  mixing  together  solu- 
ttions  of  common  soap  and  siilphat  of  magnesia.    It  is 
(exceedingly  white.    It  is  unctuous,  dries  with  difficul- 
ty, and  preserves  its  whiteness  after  desiccation.    Tt  is 
1  insoluble  in  boiling  water.    Alcohol  and  fixed  oil  dis- 
solve it  in  considerable  quantity.  Water  renders  its  so- 
lution in  alcohol  milky.    A  moderate  heat  melts  it ; 
a  transparent  mass  is  formed,  slightly  yellow^  and  very 
brittle*. 

Sp.  3.  Soup  of  Alumina. 
Twis  soap  may  be  formed  by  mixing  together  solu- 


*  Thou  vend, 

f  Berthollet,  Mem.  Par.  1780,  or  Nicholson's  Journd,  i.  170. 
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Book  ir.    tions  of  alum  and  of  common  soap.   It  is  a  flexible  soft 
Division  n.  .....  , 

substance,  which  retains  its  suppleness  and  tenacity 

when  dry.  It  is  insoluble  in  alcohol,  water,  and  oil. 
Heat  easily  melts  it,  and  reduces  it  to  a  beautiful  trans- 
parent yellowish  mass  *. 


SECT.  III. 

CF  METALLIC  SOAPS  AND  PLASTERS. 

IVIetallic  oxides  are  capable  of  combining  with  oils 
by  two  different  processes:  i.  By  mixing  together  a  so- 
lution of  common  soap  with  a  metallic  salt.  i.  By  uni- 
ting the  metallic  oxide  with  the  oil  directly  either  cold 
or  by  the  assistance  of  heat.  The  first  of  these  combi- 
nations is  called  a  metallic  soap ;  the  second,  a  plaster. 
Let  us  consider  each  of  these  in  their  order. 

I.    Metallic  Soaps. 

These  soaps  have  been  examined  by  Mr  Berthollet; 
who  has  proposed  some  of  them  as  paints,  and  others  as 
varnishes  ;  but  it  does  not  appear  that  any  of  them  has 
been  hitherto  applied  to  these  purposes. 

1.  Soap  of  mercury  may  be  formed  by  mixing  toge- 
ther a  solution  of  common  soap  and  of  corrosive  mu- 
riat  of  mercury.  The  liquor  becomes  milky-  and  the 
soap  of  mercury  is  gradually  precipitated.  This  soap 
is  viscid,  not  easily  dried,  loses  its  white  colour  when 
exposed  to  the  air,  and  acquires  a  slate  colour,  which 


*  Berthollet,  Mem.  Par.  1 7 So,  or  Ncliolson's  Journal,  i.  ^^^<^> 
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adually  becomes  deeper,  especially  if  exposed  to  the  Chap, 
n  or  to  heat.    It  dissolves  very  well  in  oil,  but  spa- 
igly  in  alcohol.    It  readily  becomes  soft  and  fluid 
;hen  heated  *. 

:2.  Soap  of  zinc  may  be  formed  by  mixing  together  a 
ilution  of  sulphat  of  zinc  and  of  soap.  It  is  of  a  white 
lour,  inclining  to  yellow.  It  dries  speedily,  and  be- 
imes  friable  f . 

53.  Soap  of  cobalt,  made  by  mixing  nitrat  of  ^  cobalt 
id  common  soap,  is  of  a  dull  leaden  colour,  and  dries 
ith  difficulty,  though  its  parts  are  not  connected. 
^  Mr  Berthollet  observed,  that  towards  the  end  of  the 
.ecipitation  there  fell  down  some  green  coagula,  much 
:ore  consistent  than  soap  of  cobalt.  These  he  suppo- 
i  to  be  a  soap  of  nickel,  which  is  generally  mixed  with 
Kbalt  t- 

44.  Soap  of  tin  may  be  formed  by  mixing  common 
lap  with  a  solution  of  tin  in  nitro-muriatic  acid.  It  is  , 
liiite.    Heat  does  not  fuse  it  like  other  metallic  soaps, 
1 1  decomposes  it  §. 

35.  Soap  of  iron  may  be  formed  by  means  of  sulphat 
iron.  It  is  of  a  reddish  brown  colour,  tenacious, 
id  easily  fusible.  When  spread  upon  wood,  it  sinks 
and  dries,  it  is  easily  soluble  in  oil,  especially  of 
irpentine.  Berthollet  proposes  it  ae  a  varnish  ||. 
( 6.  Soap  of  copper  may  be  formed  by  means  of  sul- 
i.at  of  copper.  It  is  of  a  green  colour,'  has  the  feel  of 
resin,  and  becomes  dry  and  brittle.  Hot  alcohol  ren- 
TS  its  colour  deeper,  but  scarcely  dissolves  it.  Ether 
.'Ssolves  it,  liquefies  it,  and  renders  its  colour  deeper  and 


♦  Berthollet,  Mem.  Par.  1780,  or  Nicholson's  Journal,  i.  170. 
t  Ibid.  t  Ibid.  §  Ibid.  ||  Ibid. 
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Book  U.    mbre  beautiful.    It  :s  very  soluble  m  oils,  and  give? 

Division  H.  , 

«— Y— — <  them  a  pleasant  green  colour  *. 

7'  Soap  of  lead  may  be  formed  by  means  of  acetitc 
of  lead.  It  is  white,  tenacious,  and  very  adhesive  when 
heated.  When  fused  it  is  transparent,  and  becomes 
somewhat  yellow  if  the  heat  be  increased  f . 

8.  Soap  of  silver  may  be  formed  by  means  of  nitrat 
of  silver.    It  is  at  first  white,  but  becomes  reddish  b 
exposure  to  the  air.    When  fused,  its  surface  become 
covered  with  a  very  brilliant  iris  ;  beneath  the  surfac 
it  is  black  %. 

9.  Soap  of  gold  may  be  formed  by  means  of  muriat 
of  gold.    It  is  at  first  white,  and  of  the  consistence  o 
cream.  It  gradually  assumes  a  dirty  purple  colour,  and 
adheres  to  the  skin  so  that  it  is  difficult  to  efface  the  im- 
pression §. 

10.  Soap  of  manganese  iriay  be  formed  by  means  ui 
sulphat  of  manganese.    It  is  at  first  white,  but  it  a 
sumes  in  the  air  a  reddish  colour,  owing  evidently 
the  absorption  of  oxygen.    It  speedily  dries  to  a  har 
brittle  substance,  and  by  liquefaction  assumes  a  brow 
blackish  colour  |j. 

II.  Plasters. 

Properties.  PLASTERS  are  combinations  of  oils  and  metallic  o 
ides  destined  to  be  spread  upon  leather  or  cloth,  and  * 
that  state  to  be  applied  as  a  covering  of  ulcers,  Sc4| 
They  ought  to  be  solid  bodies,  not  so  hard  as  to  refuse  t< 
spread  easily  and  equally,  nor  so  soft  as  to  run  into  oil 
■when  heated  by  the  skin.    They  ought  to  admit  of  be- 


*  Berthollet,  Mem.  Par.  1 7  80,  or  Nicholson's  Journal,  i.  17a 
.  I  Ibid.  \  Ibid.  §  Ibid.  II  Ibid. 
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ng  easil  j  kneaded  when  heated  with  the  hand,  to  adhere    Chap.  V. 
irmly  to  the  skin,  but  to  be  capable  of  being  removed 
vithout  leaving  behind  them  any  stain.   Without  these 
properties  they  do  not  answer  the  purpose  for  which 
■.hey  are  destined,  which  is  chiefly  adhesion. 

The  only  chemist  who  has  hitherto  examined  plas- 
ters with  attention  is  Deyeux,  to  whom  we  are  indebt- 
:d  for  some  excellent  observations  on  the  method  of 
•preparing  them  *. 

The  oxides  hitherto  employed  for  making  plasters  Oxides 

.  used, 
are  those  of  lead ;  and  litharge  is  usually  considered  as 

the  best  adapted  for  that  purpose  of  any  of  these  oxides. 
But  the  oxides  of  several  of  the  other  metals,  as  bis- 
muth and  mercury,  are  also  capable  of  forming  plasters, 
land  might  perhaps  in  some  cases  be  employed  with  ad- 
vantage. Some  metallic  oxides,  however,  as  those  of 
iron,  are  not  susceptible  of  that  kind  of  combination 
i»with  oils  which  constitutes  plasters  f . 

All  the  fixed  oils  are  capable  of  forming  plasters  ;  Oils, 
but  they  do  not  all  form  plasters  with  the  same  proper- 
tties.  The  drying  oils,  linseed  oil  for  instance,  form 
[plasters  of  a  much  softer  consistency  than  the  fat  oils ; 
Ibut  these  last  acquire  the  same  properties  as  the  drying 
coils  if  they  be  combined  with  mucilage.  Thus  olive 
(oil,  boiled  for  some  time  with  linseed  or  fenugrec,  forms 
iwith  litharge  plasters  as  soft  as  those  composed  of  lin- 
seed oil  and  litharge.  According  to  Deyeux,  olive  oil 
ianswers  better  for  plasters  than  any  other. 

There  are  three  different  ways  of  forming  plasters.  Formation. 
'The  first  consists  in  simply  mixing  together  oil  and  li-  ist Process, 
tharge  in  proper  proportions,  and  allowing  the  mixture 


*  Anil,  de  Cbim.  xxxiii.  50. 
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Book  ir.    to  remain  a  considerable  time  in  the  common  tempera- 

PlVlSlOIl  11. 

— V— — '  ture  of  the  atmosphere,  agitating  it  occasionallj.  The 
oxide  gradually  loses  its  colour  and  combines  with  the 
oil,  and  the  mixture  acquires  consistence.  This  process 
is  tedious,  and  does  not  furnish  plasters  sufficiently  so- 
lid to  answer  the  purposes  for  which  they  are  intended. 
It  is  not  therefore  employed, 
ad  Process^  The  second  method  consists  in  throwing  the  oxide 
into  the  oil  while  boiling.  Plasters  formed  by  this  pro- 
cess have  always  a  deep  colour  and  a  peculiar  odour, 
occasioned  by  the  decomposition  of  a  portion  of  the  oiL 
When  this  process  is  followed,  it  is  necessary  that  the 
oxide  should  be  in  the  state  of  a  fine  powder  ;  and  that 
by  agitation  it  should  be  made  to  combine  with  the  oil 
as  fast  as  possibl£,  otherwise  the  metal  will  be  revived 
altogether,  in  consequence  of  the  strong  tendency  which 
oil  has  to  combine  with  oxygen  when  raised  to  a  hig-h 
temperature. 

3d  Process.      The  third  method  is  most  frequently  practised,  be- 
'  cause  it  is  not  liable  to  the  same  inconveniences  as  the 

other  two.  This  method  consists  in  boiling  the  oil  and 
the  oxide  together  in  a  sufficient  quantity  of  water.  By 
this  liquid  the  heat  is  moderated  at  first  till  the  oil  and 
oxide  combine,  which  prevents  the  revival  of  the  me- 
tal ;  and  afterwards,  when  the  water  is  dissipated,  the 
temperature  is  sufficiently  high  to  give  the  plaster  the 
requisite  consistency. 

Plasters,  when  long  kept,  become  often  too  hard  to 
be  fit  for  use,  especially  if  the  requisite  proportion  of 
oil  has  not  been  employed  at  first.  This  defect  is  ea- 
sily remedied,  by  melting  them  with  a  small  portion  of 
new  oil.  Plasters,  when  long  kept,  likewise  change 
their  colour,  and  most  of  their  sensible  properties  i 
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v'ing  either  to  the  absorption  of  oxygen,  or  to  some  ,  ^^^P'  ^\ 
lange  produced  in  their  component  parts  by  the  action 
"  the  air. 


CHAP.  VI. 

REMARKS  ON  THE  SECONDARY  COMPOUNDS. 


The  secondary  compounds  are  incomparably  more  nu- 
lerous  than  the  primary  ;  because  thej'  appro  ich  much 
^arer  the  actual  component  parts  of  the  mineral,  ve- 
'5table,  and  animal  kingdoms.  Indeed  a  very  consider- 
")le  proportion  of  them  exist  native,  especially  in  the 
iineral  kingdom  ;  and  that  number  will  no  doubt  in- 
tease  as  the  science  of  chemistry  extends  its  bounds. 

Few  of  the  secondary  compounds  have  that  activity,  Secondary 
?at  violent  action,  upon  other  bodies,  which  distin-  compounds 
uish  the  primary  compounds.    In  this  r'  snect  they  simple  bo- 

.  *■  dies. 

!^ar  a  strong  resemblance  to  the  simple  substances, 
iialphur,  for  instance,  is  a  body  which  has  scarcely  any 
;ste,  and  which  acts  but  feebly  upon  animals,  and  not 
: :  all  perceptibly  upon  vegetables  and  minerals ;  and  oxy- 
'.;n,  though  it  undoubtedly  merits  the  appellation  of  an 
;ctive  body,  shews  neither  in  its  taste  nor  in  its  action 
n  animals  and  vegetables  anything  which  deserves  the 
iime  of  acrid  or  caustic  ;  but  sulphuric  acid,  tliough 
omposed  of  these  two  inoffensive  bodies,  's  one  of  the 
fiost  active  and  corrosive  substances  known,  and  burns 
n4  decomposes  almost  all  the  animal  and  vegetable 
Vol.  III.  I 
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them  gasc- 

01^ 


ofvision  n    ^o'^^^s  which  are  exposed  to  its  influence.    Potass  is,  h 
\     V    ■■'  possible,  still  more  corrosive  ;  even  the  hardest  min 
ral  is  unable  to  resist  its  action.    But  sulphat  of  potas 
though  composed  of  these  two  formidable  bodies,  is  n 
more  active  than  sulphur  itself.    This  singular  corre- 
spondence between  simple  substances  and  secondary 
compounds,  and  the  striking  contrast  between  the 
and  the  primary  compounds,  deserve  attention.    It  d 
monstrates  to  us,  that  the  activity  of  bodies  is  not  pr 
portional  to  their  simplicity,  as  has  been  hitherto  su 
•  posed  ;  and  that  there  is  some  other  cause  besides  co 
bination  with  other  bodies  to  blunt  their  energy. 

Several  of  the  simple  bodies  exist  commonly  in  the 
state  of  gas :  this  is  the  case  also  with  the  prima - 
compounds  ;  but  no  gaseous  body  is  found  among  th 
secondary  compounds,  and  only  a  comparatively  sma' 
number  of  liquid  bodies.    Almost  all  of  them  are  s 
lid,  and  probably  every  one  of  them  is  susceptible  o 
assuming  that  form.    Hence  we  see  that  gaseous  b 
dies  have  all  of  them  a  considerable  degree  of  simplici- 
ty ;  npne  of  them,  as  far  as  is  known,  containing  mor 
than  two  component  parts,  if  we  omit  the  consider  atio 
of  caloric  and  light  altogether  ;  or  three  compone 
parts,  if  we  include  these  bodies. 

None  of  the  secondary  compounds  are,  properly 
speaking,  combustible.  The  soaps,  indeed,  and  the  ve 
getable-acid  salts,  are  susceptible  of  undergoing  a  kin 
of  combustion,  but  not  till  they  have  been  previous! 
decomposed  by  heat;  and  even  then  their  combustion  is 
not  to  be  compared  to  that  of  some  of  the  simple  sub- 
stances and  primary  compounds.  Two  genera  of  salts, 
namely,  the  nitrats  and  oxy-muriats,  are  supporters  of 
combustion  in  a  .remarkable  degree,  occasioning  violent 
detonations  when  triturated  or  heated  along  with  com- 
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ustibles.    Many  of  the  metallic  salts  are  doubtless    Chap.  VI.^ 
isceptible  of  supporting  combustion  as  well  as  these 
^anera,  though  hitherto  the  experiment  h  is  not  been 
cied  except  upon  a  small  number. 

The  secondary  compounds  have  been  investigated  Better 
Vlth  more  precision  than  any  other  class  of  bodies  be-  ^h-°n^'thcr 
)Dnging  to  chemistry  ;  and  their  formation  and  decom-  bodies, 
position  are  more  completely  in  the  power  of  the  che- 
iiist.    The  greater  number  of  them  may  be  formed 
:nd  decomposed  at  pleasure  ;  and  approaches  have  been 
.rade  towards  ascertaining  the  proportions  of  the  com- 
onent  parts  of  several  of  them.  Accordin<;ly  it  is  from 
bera  thnt  almost  all  our  notions  of  the  nature  of  affinity 
-  ave  been  derived.    It  is  to  them  that  we  have  always 
recourse  to  illustrate  these  notions,  or  to  put  them -to 
lie  test  of  experiment.    What  have  been  called  tables 
*f  affinity,  are  nothing  else  than  lists  of  the  substances 
jy  which  certain  secondary  compounds  may  be  decom- 
rosed,  or  of  the  precipitations  which  take  place  when. 
iifFerent  secondary  compounds  are  mixed  together.  It 
?/as  necessary  therefore  to  be  acquainted  with  these  bo- 
iies,  and  to  know  the  mutual  changes  which  they  are 
aapable  of  producing  on  each  other;  the  decompositions 
If  which  thev  are  susceptible,  and  the  proportions  of 
Sneir  component  parts,  before  entering  upon  the  consi- 
leration  of  affinity:  which  may  be  considered  as  consti- 
uting  in  reality  the  whole  of  the  scientific  part  of  che- 
listry,  and  as  comprehending  under  it  the  general  prin- 
iples  to  which  the  immense  mass  of  facts  enumerated 
la  the  two  preceding  Books  may  be  referred,  and  under 
yhich  they  may  be  arranged.    We  are  now  therefore 
prepared  for  entering  upon  this  important  subject,  which 
v'ill  employ  the  whole  of  the  succeeding  Book. 
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Book  in.  In  the  two  preceding  Books  the  different  substances 
*  which  occupy  the  attention  of  the  chemists  have  been 
enumerated,  their  properties  have  been  described,  and 
the  changes  which  they  produce  on  each  other  have  been 
fully  detailed.  We  are  thus  in  possession  of  the  im- 
mense body  of  facts  of  which  the  science  of  chemistry 
is  composed ;  they  have  been  arranged  in  that  order 
which  seemed  most  proper  for  shewing  their  mutual 
dependence  on  each  other ;  and  referred  to  a  small  num- 
ber of  general  heads,  that  they  might  be  remembered 
with  facility  or  consulted  without  difficulty.  It  were 
to  be  wished  that  chemical  phenomena  could  be  referred 
Chemical  to  a  few  general  laws,  and  shewn  to  be  the  necessary  re- 
suits  of  these  laws.  It  were  to  be  wished  that  we  knew 
the  nature  of  these  laws  so  precisely,  as  to  be  able  to 
foretel  beforehand  the  changes  which  result  from  the 
mutual  action  of  bodies  in  every  particular  circum- 
stance. This  would  save  us  the  trouble  of  learning  in 
detail  an  immense  number  of  insulated  facts  which  at 
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ient  are  necessary  for  the  practice  of  chemistry  j  it    Book  III.^ 
aid  enable  us  to  apply  the  science  with  more  effect 
the  arts  and  manufactures ;  it  would  enable  us  to 
:e  the  chemical  changes  which  are  going  on  in  the 
mosphere  and  the  earth  to  their  origin,  and  to  fore- 
the  future  changes  to  which  they  are  liable  ;  and 
ius  to  form  what  has  hitherto  been  attempted  in  vain, 
complete  theory  of  meteorology  and  geology. 
Unfortunately  the  efforts  of  philosophers  to  establish  ^''^j  imper- 
'.liese  general  principles  have  not  hitherto  been  attend-  known, 
id  with  complete  success  ;  partly  owing  to  the  diflicul'- 
y  of  the  subject,  and  partly  to  the  unaccountable  ne- 
,;ligence  of  the  greater  number  of  chemists  who  have 
aeen  more  anxious  to  ascertain  particular  facts  than  to 
mvestigate  general  principles,  and  who  have  often  seem- 
ed to  look  upon  general  principles  as  altogether  foreign 
CO  their  science.    Happily  this  has  not  been  the  case 
with  all  chemists.    Several,  and  these  the  most  illus- 
Ir.rious,  have  carefully  classified  the  phenomena,  and  re- 
ft'erred  them  under  general  heads  ;  and  if  they  have  not 
isucceeded  in  discovering  laws  sufnciently  comprehen- 
isive  to  include  all  the  chemical  phenomena,  have  at 
I'I.east  pointed  out  several  pretty  general  ones,  from  the 
^knowledge  of  which  the  mutual  action  of  many  bodies 
:on  each  other  may,  in  not  a  few  cases,  be  foreseen,  even 
[prior  to  experiment.    Among  these  philosophers,  none 
stands  higher  than  Bergman,  who  was  not  less  distin- 
Eguished  by  his  industry  and  enthusiasm,  than  by  his 
(  enlarged  views  and  the  happy  acuteness  with  which  he 
,  drew  general  conclusions.    To  Black  and  Lavoisier  w^e 
;  are  indebted  for  two  of  the  most  general  and  most  im- 
portant laws  hitherto  discovered  in  chemistry.  Much 
has  been  done  by  Kiiwan,  whose  profound  knowledge, 
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Book  III.  fortunately  for  the  science,  almost  constantly  leads  him 
to  general  views.  Morveau  has  been  no  less  (listing 
guished  in  this  important  career;  with  a  mind  capable 
of  the  most  comprehensive  range,  and  the  most  pro- 
found views,  he  has  classified  the  most  difficult  pheno- 
mepa,  and  thrown  light  upon  the  abstrusest  part  of  the 
science.  And  Berthollei  has  lately  reviewed  the  gene- 
ral doctrines  of  chemistry  with  his  usual  sagacity  ;  and 
has  not  only  corrected  various  errors  which  had  passed 
current  without  detection,  but  has  pointed  out  several, 
new  laws  of  very  great  importance. 

•  The  general  principles  of  chemistry  shall  form  th 
subject  c5f  tliis  Third  Book,  which  will  be  divided  into 
fou:  Chapters.  In  the  first  Chapter  we  shall  conside 
the  nature  of  affiki  iY  in  general ;  in  the  second,  w 
shall  examine  the  -.affinity  which  homogeneous  bodies 
exert  on  each  other  ;  in  the  third-  the  affinity  exerted 
by  HETi  KOGENKOUS  bodies  ;  and  in  the  fouttby  the  na-. 
ture  of  RhPULSiON^  which  often  acts  as  an  antagonist  toj" 
affinity. 
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CHAP.  I. 

OF  AFFINITY  IN  GENERAL. 


..  All  the  great  bodies  which  constitute  the  solar 
ystem  are  urged  towards  each  other  by  a  force  which 
reserves  them  in  their  orbits  and  regulates  their  mo- 
ions.    This  force  has  received  the  name  of  attraction.  Attractloa 
~ts  nature  is  unknown  :  whether  it  be  inherent  in  these 
odies  themselves,  or  the  consequence  of  some  foreign 
:gent,  are  questions  altogether  beyond  the  reach  of 
Ihilosophy,  because  we  have  no  method  of  deciding 
ifie  point.    One  would  be  more  inclined  to  the  first 
supposition  than  to  the  other,  as  we  can  conceive  no 
)Dreign  agent  sufficient  to  explain  the  planetary  motions 
i.nless  an  intelligent  one  ;  and  for  any  thing  which  we 
mow  to  the  contrary,  it  was  as  easy  for  the  Creator 
)o  have  bestowed  on  the  planets  the  power  of  acting  on 
ach  other  at  a  distance,  as  the  power  of  being  acted  oxi 
nd  receiving  motion  from  other  substances. 

2.  Sir  Isaac  Newton  demonstrated,  that  this  planetary  Universal 
ittraction  is  the  same  with  gravitation^  or  that  force  by 
vhich  a  heavy  body  is  urged  towards  the  earth;  that  it  is 
possessed,  not  only  by  the  planets  as  wholes,  but  by  all 
heir  component  parts  also;  that  it  is  mutual;  that  it 
•xtends  to  indefinite  distances  ;  and  that  all  bodies,  as 
"ar  as  is  known,  are  possessed  of  it. 
^.  When  two  bodies  are  brought  within  a  certain 
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Book  nr.    distance,  they  adhere  together,  and  require  a  consider- 
able  force  to  separate  them.    T!us  is  the  case,  for  in, 
stance,  with  two  polished  pieces  of  marble  or  glass. 
When  a  piece  of  metal,  or  indeed  almost  any  body- 
■whatever,  is  plung.d  into  water  and  drawn  out  again,' 
its  surface  is  moistened,  that  is  to  say,  part  ol  the  water 
adheres  to  it.    When  a  rod  of  gold  is  plunged  into 
mercury,  it  comes  out  stained  indelibly  of  a  white 
colour,  because  it  retains  and  carries  with  it  a  portion 
of  the  mercury     Hence  it  is  evident  that  there  is  a 
force  which  urges  these  bodies  towards  each  other  and 
keeps  them  together ;  consequently  there  is  an  attrac- 
tion between  them.   Bodies,  therefore,  are  not  only  at- 
tracted towards  the  earth  and  the  planetary  bodies,  but- 
towards  each  other.    The  nature  of  this  attraction  can.j 
not  be  assigned  any  more  than  that  of  gravitation  ;  but 
its  existence  is  equally  certain,  as  far  at  least  as  regards 
by  far  the  greater  numSer  of  bodies. 

4.  In  all  cases  we  find  the  particles  of  matter  united 
together  in  masses,  differing  indeed  from  each  other  in 
magnitude,  but  containing  all  of  them  a  great  number 
of  particles.  These  particles  remain  united,  and  cannot 
be  separated  wit'iout  the  application  of  a  considerable 
force;  consequently  they  are  kept  together  by  a  force' 
which  ur^es  tiiem  towards  each  oth.:r,  since  it  opposes 
their  separation.  Consequently  this  force  is  an  attract 
tion. 

Thus  wf-  see  that  there  is  a  certain  unknown  force 
which  urges  bodies  towards  each  other;  a  force  which 
jicis  not  only  upon  large  mass-^s  of  matter  as  the  sun 
and  the  planets,  but  upon  the  smaller  lomponent  p-irts 
of  these  bodits,  and  even  upon  the  p-irticles  of  which 
these  bodies  are  composed.  Attraction,  therefore,  aq 
f^r  as  we  know,  extends  to  all  matter,  and  exists  xnurs 
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.aally  between  all  matter.  It  is  not  annihilated  at  liow  Chap.  L 
.reat  a  distance  soever  we  may  suppose  bodies  to  be 
ilaced  from  each  other,  neither  does  it  disappear, 
hough  they  be  placed  ever  so  near  each  other.  The 
.ature  of  this  attractipn,  or  the  cause  which  produces 
t-t,  is  altogether  unknown,  but  its  existence  is  dcmon- 
ttrated  by  all  the  phenomena  of  nature. 

5.  This  attraction  was  long  accounted  for,  by  sup-  Ascribed  to 
^posing,  that  there  existed  a  certam  unknown  substance 
which  impelled  all  bodies  towards  each  other  ;  a  hy- 
'pothesis  to  which  philosophers  had  recourse,  from  an 
■opinion  long  admitted  as  a  first  principle,  *'  that  no 
body  can  act  where  it  is  not;"  as  if  it  were  more  dif- 
ficult to  conceive  why  a  cliange  is  produced  in  a  body 
by  another  which  is  placed  at  a  great  distance,  than 
vwhy  it  is  produced  by  one  which  is  situated  at  a  small 

fdistance.    It  is  not  only  impossible  to  explain  the  phe-  ButwiA- 

'  '  *  out  reason. 

inomenaof  attraction  by  impulsion,  but  it  is  as  difficult 
fto  conceive  how  bodies  should  be  urged  towards  each 
cother  by  the  action  of  an  external  substance,  as  how 
tthey  should  be  urged  towards  cacli  other  by  a  power 
i inherent  in  themselves.  The  fatt  is,  that  we  can  neither 
•  comprehend  the  one  nor  the  other;  nor  can  any  reason 
I  be  assigned  why  the  Ahniglity  might  not  as  easily  be- 
istow  upon  matter  the  power  of  acting  upon  matter  at  a 
(distance,  as  the  power  of  being  acted  upon  and  changed 
bv  matter  in  actual  contact. 

But  farther,  we  have  no  reason  for  supposing  that 
bodies  are  ever  in  any  case  actually  in  contact.  I'or  all 
bodies  are  diminished  in  bulk  by  cold,  that  is  to  say, 
their  particles  are  brought  nearer  each  ot^.er,  which 
would  be  impossible,  unless  they  had  been  at  some 
distance  before  the  application  of  the  cold.  Almost  nil 
bodies  are  diminished  in  bulk  by  pressure,  and  conse- 
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Book  nr.    quently  their  particles  are  brought  nearer  each  other ; 

and  the  diminution  of  bulk  is  always  proportional  to 
the  pressure.    Newton  has  shown  that  it  required  a 
force  of  many  pounds  to  bring  two  glasses  within  the 
Sooth  part  of  an  inch  of  each  other;  that  a  much  greater 
was  necessary  to  diminish  that  distance ;  and  that  no  pres- 
sure whatever  was  capable  of  diminishing  it  beyond  a 
certain  point.    Consequently  there  is  a  force  which  op- 
poses the  actual  contact  of  bodies;  a  force  which  increa- 
ses inversely  as  some  power  or  function  of  the  distance, 
and  which  no  power  whatever  is  capable  of  overcoming. 
Boscovich  has  demonstrated,  that  a  body  in  motion 
communicates  part  of  its  motion  to  another  body  before 
it  actually  reaches  it.   Hence  we  may  conclude  that,  as 
far  as  we  know,  there  is  no  such  thing  as  actual  con- 
tact in  nature,  and  that  bodies  of  course  always  act 
upon  each  other  at  a  distance.    Even  impulsion,  there- 
fore, or  pressure,  is  an  instance  of  bodies  acting  on  each 
other  at  a  distance,  and  therefore  is  no  better  explana- 
tion of  attraction  than  the  supposition  that  it  is  an  in- 
herent  power.    We  must  therefore  be  satisfied  with 
considering  attraction  as  an  unknown  power,  by  which 
all  bodies  are  urged- towards  each  other.    It  is  a  power 
which  acts  constantly  and  uniformly  in  all  times  and 
places,,  and  which  is  always  diminishing  the  distance 
between  bodies,  unless  when  they  are  prevented  from 
approaching  each  other  by  some  other  force  equally 
powerful. 

Of  two  6.  The  change  which  attraction  produces  on  bodies 
is  a  diminution  of  their  distance.  Now  the  distances  of 
bodies  from  each  other  are  of  two  kinds,  either  too 
small  to  be  perceived  by  our  senses,  or  great  enough  to 
be  easily  perceived  and  estimated.    In  the  first  case. 
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le  change  of  distance  produced  by  attraction  must  be    Chap.  t. 
isensible,  in  the  second  case  it  must  be  visible.  Hence 
le  attractions  of  bodies,  as  far  as  regards  us_,  naturally 
ivide  themselves  into  two  classes,    i.  Those  which 
ct  at  sensible  distances,    a.  Those  which  act  at  insen- 
.ble  distances.    The  first  class  obviously  applies  to 
codies  in  masses  of  sensible  magnitude;  the  second  class 
nust  be  confined  to  the  particles  of  bodies,  because 
iiey  alone  are  at  insensible  distances  from  each  other. 

7.  It  has  been  demonstrated,  that  the  intensity  of  the  i.  At  sen, 

.         .  sible  dl- 

rrst  class  of  attractions  varies  with  the  mass  and  the  stances, 
listance  of  the  attracting  bodies.    Jt  increases  with, the 
nass  of  these  bodies,  but  diminishes  as  the  distance 
oetween  them  increases.    Hence  we  see  that  in  this 
Uass  of  attractions  every  particle  of  the  attracting  bo- 
iies  acts,  since  the  sum  of  the  attracting  force  is  al- 
ways proportional  to  the  number  of  particles  in  the  at- 
racting  bodies.    Why  it  diminishes  as  the  distance  iii- 
ireases,  it  is  impossible  to  say  ;  but  the  fact  is  certain, 
i:.nd  is  almost  incompatible  with  the  supposition  of  im- 
pulsion as  the  cause  of  attraction.    The  rate  of  varia- 
iion  has  been  demonstrated  to  be  inversely  as  the  square 
)!)f  the  distance  in  all  cases  of  attraction  belonging  to 
Ihe  first  class. 

8.  The  attractions  belonging  to  the  first  class  must 
we  as  numerous  as  there  are  bodies  -situated  at  sensible 
iiistances  ;  but  it  has  been  ascertained  tl'at  they  may  be 
lill  reduced  to  three  different  kinds  ;  namely,  i.  Gravi- 
:ation  ;  2.  Electricity  ;  3.  Magnetism.  The  first  of 
rhese  has  been  shewn  by  Newton  to  belong  to  all  mat- 
eev  as  far  as  we  have  an  opportunity  of  examining,  an4 
'•.herefore  to  be  universal  The  other  two  are  partial, 
being  confined  to  certain  sets  of  bodies,  while  the  rest 
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Book  III.  of  matter  is  destitute  of  them  ;  for  it  is  well  known 
that  all  bodies  are  not  electric,  and  that  scarcely  any 
bodies  are  magnetic,  except  iron,  cobalt,  nickel,  and  per- 
haps manganese. 

The  intensity  of  these  three  attractions  increases  as 
the  mass  of  the  attracting  bodies,  and  diminishes  as  the 
square  of  the  distance  increases.    The  first  extends  to 
the  greatest  distance  at  which  bodies  are  known  to  be 
separated  from  each  other.    How  far  electricity  ex- 
tends has  not  been  ascertained  ;  but  magnetism  extends 
at  least  as  far  as  the  semidiameter  of  the  earth.  All, 
bodies  possess  gravity  ;  but  it  has  been  supposed  that 
the  other  two  attractions  are  confined  to  two  or  three 
subtile  fluids,  which  constitute  a  part  of  all  those  bo- 
dies which  exhibit  the  attractions  of  electricity  or  mag- 
netism.   This  may  be  so  ;  but  it  has  not  and  scarcely 
Can  be  demonstrated. 

9.  The  absolute  force  of  these  attractions  in  given 
bodies  can  only  be  measured  by  the  force  necessary  to 
counteract  the  effect  of  these  attractions,  or  by  the 
space  which  given  bodies,  acted  on  merely  by  these  at- 
tractions, traverse  in  a  given  time.  If  we  compare  the 
different  bodies  acted  on  by  gravitation,  we  shall  find 
that  the  absolute  force  of  their  gravitation  towards  each 
other  is  in  all  cases  the  same,  proA'lded  their  distances 
from  each  other  and  their  mass  be  the  same  ;  but  this 
is  by  no  means  the  case  with  electrical  and  magnetic 
bodies.  In  them  the  forces  by  which  they  are  attract- 
ed towards  each  other,  called  electricity  and  magnetism 
are  exceedingly  varibus,  even  when  the  mass  and  th 
distance  are  the  same.  Sometimes  these  forces  disap- 
pear almost  entirely  ;  at  other  times  they  are  exceed- 
ingly intense.    Gravity  therefore  is  a  force  inherent  in 
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f odles  ;  electricity  and  magnetism  not  so  ;  a  circum-  Chap.  i. 
fiance  which  renders  the  opinion  of  their  depending 
,ipon  peculiar  fluids  exceedingly  probable.  If  we  com- 
pare the  absolute  force  of  these  three  powers  with  each 
tther,  it  would  appear  that  the  intensity  of  the  two  last, 
\yevy  thing  else  being  equal,  is  greater  than  that  of 
hhe  first ;  but  their  relative  intensity  cannot  be  compa- 
ted,  and  is  therefore  unknown.  Hence  it  follows  that 
ihese  different. attractions,  though  they  follow  the  same 
nws  of  variation,  are  not  the  same  in  kind. 

10.  The  attractions  between  bodies  at  insensible  di-  a.  Affinity 
:  tances,  and  which  of  course  are  confined  to  the  parti- 
les  of  matter,  have  been  distinguished  by  the  name  of 
[  fiaityy  while  the  term  attraction  has  been  more  com- 
laonly  confined  to  cases  of  sensible  distance.  Now  the 
oarticlcs  of  matter  are  of  two  kinds,  either  homogeneous 
ir  heterogeneous.  By  homogeneous  particles,  I  mean 
^articles  which  compose  the  same  body  ;  thus  all  par- 
i  icles  of  iron  are  homogeneous.  By  heterogeneous  par* 
jicles  are  meant  those  which  compose  different  bodies  ; 
I  bus  a  particle  of  iron  and  a  particle  of  lead  are  hetero- 
jjeneous. 

Homogeneous  affinity  urges  the  homogeneous  partl- 
iles  towards  each  other,  and  keeps  them  at  insensible 
liistances  from  each  other ;  and  consequently  is  the 
;;ause  why  bodies  almost  always  exist  united  together, 
io  as  to  constitute  masses  of  sensible  magnitude.  This 
iiflSnity  is  usually  denoted  by  the  term  cohesion^  and 
sometimes  by  adhesion  when  the  surfaces  of  bodies  are 
>Dnly  referred  to.  Homogeneous  affinity  is  nearly  uni- 
versal ;  as  far  as  is  known,  caloric  and  light  only  are  de- 
;»tltute  of  it. 

Heterogeneous  affinity  urges  heterogeneous  particles 
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towards  each  other,  and  keeps  them  at  insensible  di- 
stances from  each  otlier,  and  of  course  is  the  cause  of 
the  formation  of  new  integ^rant  particles  composed  of  a- 
certaiii  number  of  heterogeneous  particles.  These  new 
integrant  particles  afterwards  unite  by  cohesion,  and 
form  masses  of  compound  bodies.    Thus  an  integrant, 
particle  of  water  is  composed  of  particles  of  hydrogen^ 
and  oxvgen,  urged  towards  each  other,  and  kept  at  an 
insensible  distance  by  heterogeneous  affinity  ;  and  a 
mass  of  water  is  composed  of  an  indefinite  number  of. 
integrant  particles  of  that  fluid,  urged  towards  each! 
other  by  homogeneous  affinity.   Heterogeneous  affinity 
is  universal,  as  far  as  is  known  ;  that  is  to  say,  there  ii 
no  body  whose  particles  are  not  attracted  by  the  parti- 
cles of  some  other  body  ;  but  whether  the  particles  of 
all  bodies  have  an  affinity  for  the  particles  of  all  other 
bodies,  is  a  point  which  we  have  no  means  of  ascertain- 
ing.   It  is,  however,  exceedingly  probable,  and  has 
been  generally  taken  for  granted  ;  though  it  is  cer- 
tainly assuming  more  than  even  analogy  can  warrant. 

II.  Affinity,  like  sensible  attraction,  varies  with  the 
mass  and  the  distance  of  the  attracting  bodies.  That 
cohesion  varies  with  the  mass,  cannot  indeed  be  ascer- 
tained ;  because  we  have  no  method  of  varying  the 
mnss  without  at  the  same  time  altering  the  distance. 
But  in  cases-  of  the  adhesion  of  the  surfaces  of  homo- 
geneous bodies,  whicl'  is  undoubtedly  an  instance  of  ho- 
mogeneous affinity,  it  has  been  demonstrated,  that  the 
force  of  adhesion  increases  with  the  surface,  that  is  to 
say,  with  the  mass  ;  for  the  number  of  adhering  parti- 
cles must  increase  with  the  surface. 

That  heterogeneous  affinity  increases  with  the  mass, 
has  been  observed  long  ago  in  particular  instances,  and 
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as  been  lately  demonstrated  by  Berthollet  to  hold  in 
very  case  ;  thus  a  given  portion  of  water  is  retained 
lore  obstinately  by  a  large  quantity  of  sulphuric  acid 
lian  by  a  small  quantity.    Oxygen  is  more  easily  ab- 
tracted  from  those  oxides  which  ai'e  oxidated  to  a  ma- 
dmum,  than  from  those  which  are  oxidated  to  a  mini- 
raum  ;  that  is  to  say,  that  a  large  mass  of  metal  retains 
given  quantity  of  oxygen  more  violently  than  a  small 
^nass.  Lime  deprives  potass  of  only  a  portion  of  its  car- 
ionic  acid,  and  sulphuric  acid  deprives  phosphoric  acid 
fironly  a  jjortion  of  the  lime  with  which  it  is  united  in 
)hosphat  of  lime.    In  these,  and  many  other  instances 
hat  might  be  enumerated,  a  small  portion  of  one  body 
;s  retained  by  a  given  quantity  of  another  more  strongly 
I  han  a  large  quantity.  And  Berthollet  has  shewn,  that  in 
ill  cases  a  large  quantity  of  a  body  is  capable  of  abstract- 
mg  a  portion  of  another  from  a  small  portion  of  a  third; 
now  weak  soever  the  affinity  between  the  first  and  se- 
cond of  these  bodies  is,  and  how  strong  soever  the  affi- 
i'lity  between  the  second  and  the  third.    Thus  when 
tiqual  quantities  of  the  following  bodies  were  boiled 
lOgether, 

r  Sulphat  of  potass  C  Oxalat  of  lime 

^'     Potass  ^'  c  Potass 

^  Sulphat  of  potass  f  Phosphat  of  lime 

Soda  (.  Potass 

r  Sulphat  of  potass        ^   C  Carbonat  of  lime 
^'  l_  Lime  (.  Potass 

Ihe  uncombined  base  abstracted  part  of  the  acid  from 
Jhe  base  with  which  it  was  previously  combined ; 
though  in  every  one  of  these  instances  it  was  retained 
i)y  that  base  by  an  affinity  considered  as  stronger.  The 
iame  division  of  the  base  took  place  when  equal  quan- 
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Boole  III.  titles  of  oxalat  of  lime  and  nitric  acid  were  boiled  to- 
^"  gcther. 

Inversely  That  the  forcc  of  affinity  increases  as  the  distance  di- 
ttance.  minishes,  arid  the  contrary,  is  obvious  ;  for  it  becomes 
insensible  whenever  the  distance  is  sensible,  and  on  the 
other  hand,  becomes  exceedingly  great  when  the  dis- 
tance is  exceedingly  diminished.  But  the  particular 
rate  which  this  variation  follou-s  is  still  unknown,  as 
\ve  have  no  method  of  measuring  either  the  distances  at 
which  it  acts,  or  its  relative  intensity  at  these  distances. 
Some  have  supposed  that  it  follows  a  greater* ratio  than 

"^Ti  ^'^d  ^^^t    diminishes  at  least  as  -^-j,  if  not  at  some 

greater  rate.  But  their  reasoning  has  depended  alto- 
gether upon  the  supposition  that  the  particles  of  bodies' 
united  by  affinity  are  in  actual  contact  and  loses  its 
force,  or  at  least  a  considerable  part  of  it,  if  we  sup- 
pose, what  seems  actually  to  be  the  case,  that  evea 
then  these  particles  are  at  a  distance.  Otliers  have  sup- 
posed that  the  intensity  of  affinity  varies  inversely  as 
the  square  of  the  distance,  resting  chiefly  upon  the  ana- 
logy of  sensible  attraction  which  follows  that  law.  This 
is  certainly  a  kind  of  presumption  in  favour  of  the  opi- 
nion, and  it  must  be  allowed  that  no  sufficient  argu- 
ments have  been  advanced  to  prove  that  this  law  is  in- 
compatible with  the  phenomena  pf  affinity.  But  neither, 
on  the  other  hand,  have  any  thing  like  proofs  been  ad- 
vanced to  show  that  affinity  actually  varies  according 
to  that  law.  The  truth  is,  that  at  present  the  subject  is 
beyond  the  reach  of  philosophy.  We  must  therefore 
suspend  our  judgment  altogether  till  future  discoveries 
•  put  it  in  our  power  to  determine  tlie  point. 

12.  Affinity  then  agrees  with  sensible  attraction  ia 
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^'ery  point  which  it  has  been  hitherto  possible  to  de-      Chap.  r. 
srmine.    Like  sensible  attraction,  it  increases  with  the 
laes,  and  diminishes  as  the  distance  augments;  conse- 
quently we  must  conclude  that  attraction,  whether  it 
sensible  or  insensible,  is  in  all  cases  the  same  kind  of 
T>Tce,  and  regulated  by  precisely  the  same  general  laws. 

We  have  seen  that  sensible  attraction,  though  in  all 
ivHses  the  same  kind  of  force,  is  not  always  the  very  same 
nrce ;  for  though  the  mass  and  the  distance  of  two 
odies  be  equal,  the  absolute  force  by  which  they  are 
;}tfacted  tdwards  each  other  by  gravitation  is  not  equal 
t  the  force  by  which  they  are  attracted  towards  each 
.her  by  magnetism.    The  forces  of  sensible  attraction 
re  threet  in  number,  namely,  gravitation,  magnetism, 
ad  electricity ;  the  first  is  always  the  same  when  the 
lass  and  distance  are  the  same,  but  the  two  last  vary  even 
nen  the  mass  and  distance  continue  unaltered. 
The  forces  of  affinity,  though  also  the  same  in  kind,  Affinity  va- 
ee  still  more  numerous  than  those  of  sensible  attrac-  "".i"*"" 

tensity, 

ran  ;  for  instead  of  three,  they  amount  to  as  many  as 
esre  are  heterogeneous  bodies.    The  rate,  indeed,  at 
nich  they  vary  when  the  distance  of  the  attracting 
(.dies  increases  or  diminishes,  is  prob.ibly  the  same  in 
,  and  so  is  also  their  variation  as  far  as  it  regards  the 
uss.    But  even  when  both  of  these  circumstances,  as 
as  we  can  estimate  them,  are  the  same,  the  affinity 
I  two  bodies  for  a  third  is  not  the  same.  .Thus  barytes 
S3  a  stronger  affinity  for  sulphuric  acid  than  potass  has; 
•  if  equal  quantities  of  each  be  mixed  with  a  small 
rtion  of  sulphuric  acidj  the  barytes  seizes  a  much 
:ater  proportion  of^the  acid  than  the  potass  does, 
ids  difference  in  intensity  extends  to  particles  of  all 
idles ;  for  there  are  scarcely  any  two  bodies  whose 
IVoL.  III.  K 
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jBook  iir.  ^  particles  have  precisely  the  same  aflinlty  for  a  thlr(f, 
and  scarcely  any  two  bodies,  the  particles  of  each,  of 
which  cohere  together  with  exactly  the  same  force. 

It  is  this  difference  in  intensity  which  constitutes  the 
most  important  characteristic  mark  of  affinity,  and 
which  explains  the  different  decompositions  and  changes,, 
which  one  body  occasions  in  others. 

Thus  it  appears  at  first  sight,  that  there  are  as  many? 
different  affinities  as  there  are  bodies;  and  that  affinity,; 
instead  of  being  one  force,  like  gravitation,  which  19 
always  the  same  when  the  circumstances  are  the  samej 
consists  of  a  variety  of  different  forces,  regulated,  in- 
deed, by  the  same  kind  of  laws,  but  all  of  them  diffe- 
rent from  each  other.  These  affinities  do  not  vary  like 
magnetism  and  electricity,  though  the  mass  continue^ 
the  same,  but  are  always  of  equal  intensity  when  oth^f 
circumstances  are  equal.  Hence  it  is  reasonable  tc 
conclude  that  these  affinities  cannot,  like  magnetisi 
and  electricity,  depend  upon  peculiar  fluids,  the  quan- 
tity of  which  may  vary,  but  that  they  are  permanent 
forces,  inherent  in  every  atom  of  the  attracting  bodies. 

13.  It  is  very  possible  that  this  variation  of  intensityJ 
which  forms  so  remarkable  a  distinction  between  affinitj 
and  gravitation,  may  be  only  apparent  and  not  realJ 
For  even  in  gravitation  the  intensity  varies  with  the 
distance  and  the  mass,  and  the  same  variation  holds  ir 
affinity.  But  as  the  attraction  of  affinity  acts  upon  bodied 
situated  at  insensible  distances  from  each  other,  it  i^ 
evident  that,  str-ctly  speaking,  we  have  no  means  o-ji 
ascertaining  that  distance,  and. consequently  that  it  ma)  I 
vary  without  our  discovering  the  variation.  But  ever)! 
such  variation  in  distance  must  occasion  a  correspond 
ing  variation  in  the  intensity  of  the  attracting  force.  I 
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hay  be  then  that  barytes  attracts  sulphuric  acid  with  ^  Chap.  L  ^ 
;;reater  intensity  than  potass,  because  the  particles  of 
jarytes,  when  they  act  upon  the  acid,  are  at  a  smaller 
listance  from  it  than  the  particles  of  the  potass  are. 

But  it  may  be  asked,  Why,  if  barytes,  potass,  and  ^3^"?  the" 
ulphuric  acid,  are  all  mixed  together  in  water,  the  par-  figiireofthe 
icles  of  potass  do  not  approach  as  near  the  acid  as  P*'^^''^^*^* 
.hose  of  the  barytes,  since  they  are  both  at  liberty  to 
:.ct  ?  To  this  it  may  be  answered,  That  in  all  probability 
hey  do  approach  each  of  them  to  the  same  apparent 
iistance  ("if  the  expression  be  allowable),  but  that,  not- 
;vithstanding,  xhtix  real  distance  may  continue  different'. 
The  particles  of  bodies^  how  minute  soever  we  suppose 
hem  to  be,  cannot  be  destitute  of  magnitude.  They 
;nust  have  a  certain  length,  breadth,  and  thickness,  and 
iherefore  must  always  possess  some  particular  figure  or 
•.ther.    These  particles,  indeed,  are  a  great  deal  too 
ninute  for  us  to  detect  their  shape }  but  still  it  is  cer- 
lin  that  they  must  have  some  shape.    Now  it  is  very 
conceivable  that  the  particles  of  every  particular  body 
nay  have  a  shape  peculiar  to  themselves,  and  differing 
:irom  the  shape  of  the  particles  of  every  other  body, 
rhus  the  particles  of  sulphuric  acid  niay  have  one 
lape,  those  of  barytes  another,  and  those  of  potass  a 
hird. 

But  if  the  particles  of  bodies  have  length,  breadth, 
nd  thickness,  we  cannot  avoid  conceiving  them  as 
omposed  of  an  indeterminate  number  of  still  more 
'..linute  particles  or  atoms.    Now  the  affinity  of  two 
ntegrant  particles  for  each  other  must  be  the  sum  of 
ihe  attractions  of  all  the  atoms  in  each  of  these  particles 
)Dr  all  the  atoms  in  the  other :  But  the  sum  of  these 
ttractions  must  depend  upon  the  number  of  attracting 
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Book  nr.  atoms,  and  upon  the  distance  of  these  atoms  from  each 
other  respectively  ;  and  this  distance  must  depe^.d  upon 
the  figure  of  the  particles.  For  it  is  obvious,  thai  if 
two  particles,  one  of  which  is  a  tetrahedron  and  the 
other  a  cube,  and  which  contain  the  same  number  of 
atoms,  be  placed  at  the  same  relative  distance  from  a 
third  particle,  the  sum  of  the  distances  of  all  t'  e  atoms 
of  the  first  particle  from  all  the  atoms  of  the  third  par- 
ticle, will  be  less  than  the  sum  of  the  distances  of  all 
the  atoms  of  the  second  particle  from  those  of  the 
third.  Consequently,  in  this  case,  though  the  apparent 
distance  of  the  particles  be  the  same,  their  real  distance 
is  different  j  and  of  course  the  cube  will  attract  the 
third  particle  more  strongly  than  the  tetrahedron  ;  that 
is,  it  will  have  a  greater  affinity  for  it  than  the  tetra- 
hedron. 

But  if  the  particles  of  bodies  differ  from  each  other 
in  figure,  they  may  differ  also  in  density  and  in  size  ; 
and  this  must  also  alter  the  absolute  force  of  affinity, 
even  when  the  distances  and  the  figure  of  the  attracting 
particles  are  the  same.  The  first  of  these  two  circum- 
stances indeed  may  be  considered  as  a  difference  in  the 
mass  of  the  attracting  bodies,  and  therefore  may  be  de- 
tected by  the  weight  of  the  aggregate ;  but  the  second, 
though  also  no  less  a  variation  in  the  mass,  cannot  be 
detected  by  any  such  metliod,  though*  its  effect  upon 
the  strength  of  affinity  may  be  very  considerable 

There  is  no  doubt  that,  upon  the  supposition  that 
such  differences  in  the  figure,  density,  and  size  of  the 
attracting  partif  les,  really  exist,  and  it  is  in  the  high- 
est degree  probable  that  they  do  exist,  the  variation  in 
intensity  which  characterises  chemical  affinity  may  be 
accounted  for,  without  supposing  that  the  intensity  of 
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"ffinity  as  a  force  inherent  in  the  ultimate  particles  or  ^  Cliap.  I.  ^ 
:tonis  of  bodies  is  really  difFerdnt.    The  same  thing 
lay  be  applied  to  electricity  and  magnetism.  It  is  cer- 
ainly  possible,  therefore,  that  attraction,  both  sensible 
jid  insensible,  may  not  only  vary  at  the  same  rate,  and  \Taybethe 
recording  to  the  same  laws,  but  be  absolutely  the  same  ^'avitation. 
jarce  inherent  in  the  atoms  of  matter,  modified  merely 
ly  the  number  and  situation  of  the  attracting  atoms. 
This  is  certainly  possible  ;  and  it  must  be  allowed  that 
L  corresponds  well  with  those  notions  of  the  simplicity 
tif  Nature  in  which  we  are  accustomed  to  indulge  our- 
elves.  But  the  tru:h  is,  that  we  are  by  no  means  good 
udges  of  the  simplicity  of  Nature;  we  have  but  an  im- 
lerfect  glimpse  here  and  there  through  the  veil  with 
I'hich  her  operations  are  covered  ;  and  from  the  few 
t  oints  which  we  see,  we  are  constantly  forming  conjec- 
i;ares  concerning  the  whole  of  the  machinery  by  which 
hese  operations  are  carried  on.    Superior  beings  smile 
tt  our  theories  as  we  smile  at  the  reasonino-s  of  an  in- 
aant ;  and  were  the  veil  which  conceals  the  machine 
rrom  our  view  to  be  suddenly  withdrawn,  we  ourselves, 
m  all  probability,  would  be  equally  astonished  and  con- 
counded  at  the  wide  difference  between  our  theories  and 
ronjecures,  and  the  real  powers  by  which  the  machine- 
ry of  the  universe  is  moved.    Let  us  not  therefore  be 
(00  precipitate  in  drawing  general  conclusions  ;  but  let 
iS  rather  wait  with  patience  till  future  discoveries  en- 
;ble  us  to  advance  farther;  and  satisfy  ourselves  in  the 
aaean  time  with  arranging  those  laws  of  affinity  which 
lave  been  ascertained,  without  deciding  whether  it  be 
!he  same  force  with  gravitation,  or  a  different  one. 

14.  The  characteristic  marks  of  affinity  may  be  re- 
luced  to  the  three  folicwing  : 
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Book  III.  ^  j(.  ^j,(.g  Qj^jy  j^j.  insensible  distances,  and  of  course 

lu  charac-    affects  only  the  particles  of  bodies. 

II.  This  force  is  always  the  same  in  the  same  parti» 
cles,  but  it  is  different  in  different  particles. 

III.  This  difference  is  modified  considerably  by  the 
mass.  Thus  though  A  have  a  greater  affinity  for  G 
than  B  has,  if  the  mass  of  B  be  considerably  increased 
while  that  of  A  remains  unchanged,  B  becomes  capable 
of  taking  a  part  of  C  from  A. 

But  it  will  be  necessary  to  consider  the  affinity  o 
homogeneous  and  hetejrogeneous  bodies  more  particu- 
larly.   This  will  be  the  subject  of  the  two  following 
Chapters. 
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Chap.  IL 


CHAP  II. 

OF  HOMOGENEOUS  AFFINITY. 


vVe  never  fipd  the  particles  of  bodies  in  a  separate 
Ate  :  they  are  either  combined  with  the  particles  of 
her  bodies,  or  with  each  other,  forming  masses  of 
reater  or  smaller  magnitude.    This  last  union  is  the 
iFect  of  homogeneous  affinity ;  which  has  been  already 
lined  to  mean  that  force  which  unites  homoofeneous 
articles  to  each  other.    Now  in  homogeneous  affinity 
lere  are  two  things  which  claim  our  attention  :  The 
5t  is  the  force  itself  by  which  the  particles  are  kept 
ited ;  the  second  is  the  form  which  the  particles 
aus  united  are  known  to  assume.   The  force  is  distin- 
uished  by  the  title  of  cohesion  ;  and  the  form  of  the 
ass,  when  regular,  has  received  the  name  of  crystal* 
iiese  two  topics  shall  form  the  subject  of  the  two  fol- 
jwing  Sections,  under  the  titles  of  Cohesion  and  Crj" 
lUization, 


1^2  AFFINITY. 

Book  nr. 
I — , — I 


SECT.  I. 


OF  COHESION. 


The  force  called  cohesion  is  inherent  in  aU  the  parti- 
cles of  all  bodies,  if  we  except  caloric  and  light :  For  all 
bodies  except  these  constantly  exist  in  masses  compo- 
sed of  an  indefinite  number  of  particles  united  together. 
This  force  possesses  all  the  characters  of  affinity. 

I.  It  acts  only  at  insensible  distances  ;  for  whenever 
we  remove  the  particles  of  a  body  to  a  perceptible  di- 
stance from  each  other,  they  cease  to  cohere  altog 
ther. 

Cohesion  2.  Cohesion  is  exceedingly  various  in  different  bo- 
vanes  in        ^  ^  . 

different  dies;  though  in  the  same  body,  if  other  things  be  equal, 
bodies.  always  the  same.    Thus  an  iron  rod  is  composed 

of  particles  of  iron  cohering  so  strongly,  that  it  requires 
an  enormous  force  to  separate  them.  A  smaller  force 
is  necessary  to  overcome  the  cohesion  of  lead,  and  a  st* 
smaller  to  separate  the  particles  of  chalk  from  each 
other.  In  short,  there  are  scarcely  two  bodies  whose 
particles  cohere  with  the  same  force.  The  force  of  co- 
hesion in  solid  bodies  is  measured  by  the  weight  neces- 
sary to  break  them,  or  rather  to  pull  them  asunder. 
Thus  if  a  rod  of  glass  be  suspended  in  a  perpendicular 
direction,  and  weights  be  attached  to  its  lower  extre- 
mity till  the  rod  is  broken  by  them,  the  weight  attache 
ed  to  the  rod  just  before  it  broke  is  the  measure  of  the 
cohesive  force  of  the  rod.  We  are  indebted  to  Muschen- 
byoeck  for  the  most  complete  set  of  experiments  hither-. 
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made  upon  the  cohesive  force  of  solid  bodies.  Sick- 
^en  has  also  examined  the  cohesion  of  several  of  the 
ctals  with  much  accuracy.    The  results  of  the  la- 
jurs  of  the  first  of  these  philosophers  may  be  seen  in 


le  following  Table  *  : 

I.  Metals. 

Steel,  bar   135,000 

Iron,  bar   74,500 

Iron,  cast   50,100 

Copper,  cast   28,600 

Silver,  cast   41,500 

Gold,  cast   22,000 

Tin,  cast   4,44© 

Bismuth   2,900 

Zinc   2,600 

Antimony   1,000 

Lead,  cast   860 

II.  Alloys. 

Gold  2  parts,  silver  i  part  28,000 

Gold  5,  copper  i   50,000 

Silver  5,  copper  1;   48,500 

Silver  4,  tin  i                      .  41,000 

Copper  6,  tin  I   55»ooo 

Brass   51,000 

Tin  3,  lead  i   10,200 

Tin  8,  zinc  i   10,000 

Tin  4,  antimony  I   12,000 

Lead  8,  zinc  i   4j5oo 


Tin  4,  lead  i,  zinc  i    ....  13,000 


'  In  this  Table  the  numbers  denote  the  pounds  avoirdupois  which  arc 
sufficient  to  tear  asunder  a  rod  of  each  of  tlie  bodies  whose  base  is 
inch  scjuare. 
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<.  ■  V   ~>  in.  Woods. 

Locust  tree   2c,io» 

J»jeb   18,500 

Beech,  oak   I7>300 

^  ,        Orange  .-  .  .  15,500 

Alder   13,900 

Elm   i3>2ioo 

Mulberry  •   12,500 

Willow   12,500 

Ash   12,000 

Plum    11,800 

Elder   10,000 

Pomegranate    9,7  50 

Lemon   9,250 

Tamarind  ...»   8,750 

Fir   8,330 

Walnut   8,130  I 

Pitch  pine   7,656 

Quince   6,750 

Cypress  .  ,   6,000 

Poplar  ■   5,500 

Ced^r   4,880 

IV.  Bones. 

Ivory   16,270 

Bone  «   15,^50 

Horn   8,750 

Whalebone   7,500 

Tooth  of  sea  calf   4,075 

Explained        3.  The  naturc  of  cohesion  has  been  more  happily  ex-^ 
vic^°^°"     plained  by  Boscovich  than  by  any  other  philosopher. 

Indeed  it  forms  the  most  beautiful  and  satisfactory  parti 
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"  his  theory.    According  to  him,  the  particles  of  bo- 
os cohere  together  when  thej  are  placed  in  the  limit 
'  repulsion  and  attraction.    Two  particles^  when  si- 
:ited  at  a  certain  distf^ice  from  each  other,  repel^each 
ther  mutually  ;  this  repulsion  gradually  diminishes  as 
le  distance  between  the  particles  increases,  till  at  last 
len  the  distance  reaches  a  certain  magnitude,  the  re- 
Lilsion  ceases  altogether.    If  the  distance  be  increased 
N  er  so  little,  the  particles  now,  instead  of  repelling,  att- 
ract each  other  ;  and  this  attraction  increases  with  the 
stance,  till  at  last  it  reaches  its  maximum.  From 
.is  point  it  gradually  diminishes,  till  at  last,  when 
le  particles  have  acquired  a  certain  distance,  it  va- 
ohes  altogether.    If  the  distance  be  increased  ever 
)  little  beyond  that  distance,  the  particles  now  again 
?pel  each  other.    He  supposes  that  the  insensible  di- 
ance  between  two  particles  is  divided  into  an  indefi- 
e  number  of  portions  of  alternate  repulsions  and  at^ 
'ctions. 

Let  the  line  AH  (fig.  ii.')  represent  the  insensible 
stance  between  two  particles  ;  and  let  the  ordinates  of 
r  curve  1 0^5-    q  represent  the  attracting  and  repel- 
g  forces  of  the  two  particles  as  the  second  moves  a- 
»ng  the  line  AB  while  the  first  remains  in  the  point 
^.  The  ordinates  of  the  curves  situated  above  the  line 
vH  represent  repulsive  forces,  and  those  below  the 
me  represent  attracting  forces.    The  points  B,  C,  IT, 
,  F,  G,  H,  where  the  curve  cuts  the  axis,  represent 
c  limits  between  repulsion  and  attraction.  While  the 
cond  particle  is  in  any  part  of  the  line  AB  it  is 
pelled :  the  repulsion  increases  as  the  particle  ap- 
noaches  A,  and  at  the  point  A  it  is  infinite,  because  the 
■  e  Afl  is  to  be  considered  as  an  asymptote  to  ths 
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curve.  At  the  point  B  the  second  particle  is  neither 
repelled  nor  attracted.  In  every  part  of  the  line  BC 
it  is  attracted  ;  and  the  attraction  is  a  maximum  at 
because  thvre  the  ordinate  PQ^is  a  maximum  At  th* 
point  C  it  is  neither  attracted  nor  repelled.  In  every 
part  of  CD  it  is  repelled ;  In  D  it  Is  neither  attracted 
nor  repelled  ;  in  DE  it  is  attracted,  and  so  on. 

Now  the  points  B,  D,  F,  and  H,  are  called  by  Bosi. 
covich  limits  of  cohesion,  because  particles  placed  inthesof 
points  remain  unaltered,  and  even  resist  any  force  whldi^ 
endeavours  ip  displace  them.  If  they  are  driven  nearJtl 
er  each  other,  they  are  again  repelled  to  their  formes' 
limit  :  on  the  other  hand.  If  they  are  driven  to  a  great 
er  distance,  they  are  again  attracted  to  their  former  si* 
tuatlon. 

Boscovich  supposes,  that  in  all  cases  of  cohesion  the 
particles,  of  the  cohering  body  are  so  situated  as  to  be 
in  these  limits  of  cohesion  with  respect  to  .each  other. 
According  to  this  very  ingenious  theory,  cohesion  is 
not,  properly  speaking,  a  force,  but  the  interval  be- 
tween two  forces.  And  even  if  we  were  to  modif\  the 
theory  a  little,  still  we  must  consider  cohesion  as  the 
balancing  of  two  opposite  forces,  either  of  which  be- 
comes prevalent  according  as  the  cohering  particles  are 
urged  nearer  each  other  or  forced  to  a  greater  distance. 
Consequently,  If  we  were  to  speak  with  precision,  cobe- 
jion  is  not  itself  a  force,  but  the  absence  of  a  force. 
What  has  been  hitherto  called  the  force  of  cobtston,  is 
the  attraction  which  prevents  the  cohering  particles 
from  separating  from  each  other,  and  whicli  begins  to 
act;  or,  more  precisely,  which  becomes  prevalent  when 
the  particles  are  urged  to  a  greater  distance  from  each 
other. 
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L .  Boscovich  has  shewn,  in  a  very  satisfactory  man-    Chap.  II. 
■,  how  all  the  varieties  of  cohesion  may  be  produced 
the  differences  in  the  size,  figure,  and  density,  of  the 
lering  particles  *.    It  deserves  attention,  that  in  most 
OS  the  cohesive  force  of  simple  bodies  is  greater  thaa 
lat  of  compound  bodies.    To  this  indeed  there  are  a 
Lcat  number  of  exceptions,  but  the  observation  holds 
a  variety  of  instances.    All  the  metals  cohere  very 
\rongly  ;  the  diamond  probably  coheres  with  no  less 
rce,  if  we  can  judge  from  its  hardness ;  and  the  cdhe- 
jn  of  sulphur  is  also  very  considerable.    Thus  if  we 
.icept  phosphorus,  all  the  simple  substances  are  re-* 
L  arkable  for  cohesion.    Those  of  them  which  are  in 
;ie  state  of  elastic  fluids  must  be  excluded  altogether ; 
c:cause  in  that  particular  state  the  particles,  instead  of 
;3ing  in  the  limit  of  cohesion,  are  actually  repelled.  In 
ee  earths,  too,  such  of  them  at  lea,,  as  ar  •  fuund  cry- 
iallized  in  a  state  of  purity,  the  cohesion  is  very  strong, 
ihus  the  sapphire  or  crystallized  alumina,  and  rock 
i.ystal  or  crystallized  silica,  are  always  very  hard,  and 
Ihibit  a  much  stronger  cohesion  than  limestone,  or 
nagnesian  stones,  which  are  composed  of  heterogeneous 
i)dies.    Tliis  remark,  however,  by  no  means  applies 
the  metals  ;  for  in  them  the  cohesion  is  very  often 
(Creased  considerably  by  alloying  them  together.  Thus 
e  cohesion  of  copper  is  doubled  by  alloying  it  with 
le-sixth  of  its  weight  of  tin,  though  the  cohesion  of 
e  tin  is  scarcely  one-sixth  of  that  of  the  copper. 
The  cohesion  of  metals  is  greatly  increased  by  for- 
ing  them,  and  by  drawing  them  out  into  wire.  By 
AS  last  operation  gold,'  silver,  and  brass,  have  their 


*  See  his  Thcoria  Philosopbia  Naturalii,  Part  iii.  Sect  406.  p.  185. 
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Book  nr.    cohesion  nearly  tripled;  copper  and  iron  more  th 


doubled. 

5.  There  are  three  states  in  which  bodies  exist  ex 
ceedingly  distinct  from  each  other  ;  the  state  of  solid 
of  liquids,  and  of  elastic  fluids.    In  the  two  first  stat 
the  particles  cohere  with  more  or  less  force ;  but  the 
cohesion  produces  in  them  very  different  effects.  In  the 
first  it  prevents  all  relative  motion  among  the  particles 
themselves  }  in  the  second,  this  relative  motion  is  le 
at  full  liberty.  Hence  in  solid  bodies  the  motion  of  on 
particle  is  followed  by  the  motion  of  the  whole  mass 
or  if  that  is  impossible,  the  cohesion  is  destroyed  alto 
gether.    In  liquids,  on  the  contrary,  the  motion  of  o 
particle  is  not  necessarily  followed  by  that  of  the  res 
neither  does  that  motion  destroy  the  cohesion.  Bosc 
■vich  has  shewn,  that  solidity  and  fluidity  are  the  cpns 
quence  of  the  figure  of  the  cohering  particles.    If  tha 
figure  is  such  that  the  particles  may  change  their  posi. 
tion  without  altering  their  relative  distances,  the  cons 
quence  must  be  fluidity  j  because  in  that  case  there  i 
nothing  to  oppose  the  motion  of  any  individual  parti- 
cle.   This  .happens  when  the  particles  are  spherical ; 
but  if  the  figure  be  such  that  the  particles  cannot  chang 
their  position  without  altering  their  relative  distances 
the  bodies  which  they  compose  must  be  solids,  becau 
all  relative  motion  of  an  individual  particle  is  oppose 
by  the  attractions  and  repulsions  of  all  the  surroundin 
particles;  for  every  motion  must  bring  the  particle  oiJ 
of  the  former  limit  of  cohesion.    This  happens  whe 
the  particles  have  the  figure  of  parallelopipeds,  or  an 
other  figure  except  that  of  spheres. 

This  explanation  is  exceedingly  ingenious  ;  but  it 
would  not  he  an  easy  task  to  explain  by  means  of  it 
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phenomena  of  solidity  and  fluidity.    How  comes  it, 
instance,  that  the  addition  of  a  certain  dose  of  calo- 
renders  a  body  fluid  which  was  before  solid?  If  it 
answered,  that  it  acts  by  combining  with  the  parti- 
s  of  the  solid  in  such  a  manner  as  to  render  them 
erical ;  how  comes  it,  in  that  case,  that  gold  and 
Linum,  metals  which  are  ductile  and  malleable,  pro- 
ties  which  indicate  a'  kind  of  approach  to  fluidity, 
I  of  course  to  sphericity,  in  the  particles  of  these 
cetals — ^how  comes  it  that  they  require  so  much  more 
IJoric  to  render  them  fluid  than  bismuth  or  sulphur, 
^hich  are  altogether  brittle  ?  We  must  rather  consider 
luidity  as  a  kind  of  solution  in  caloric,  analogous  to  the 
"olution  of  salts  in  water.    But  this  explanation,  tho* 
■  would  do  very  well  in  many  instances,  would  lead 
ii  in  others  to  difficulties  as  great  as  those  which  we 
re  endeavouring  to  avoid. 

The  cohesion  of  liquids  is  often  very  considerable, 
according  to-  Sir  Isaac  Newton,  it  is  nearly  propor- 
conal  to  the  density  of  the  liquid.  This  holds  pretty 
;"curately  in  several  instances  :  but  it  is  not  easy  to 
wcertain  the  cohesion  of  a  liquid  with  precision,  because 
ne  partiqles  slide  upon  each  other,  and  the  colurrin  of 
ne  liquid,  whose  cohesion  we  are  measuring,  always 
escomes  smaller  and  smaller,  till  at  last  it  consists  only 
ff  a  very  small  number  of  particles. 

Viscid  bodies  have  particles  approaching  to  a  sphe- 
dcal  form  ;  but  deviating  from  it  so  far  as  to  occasion 
.  certain  resistance  to  the  relative  motion  of  the  par- 
teles. 

Solid  bodies  are  of  two  kinds  :  they  may  either  re- 
List  all  change  of  distance  in  their  particles  so  strongly 
55  not  to  be  capable  of  compression  or  dilatation  with- 
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Book  III.    out  a  breach  of  cohesion  ;  or  they  may  admit  of  bothi 
"         to  a  certain  degree  with  facility.    The  first  of  thes<t\ 
constitutes  hardness  ;  the  second  constitutes  softness,  if 
the  particles  retain  their  new  situation,  or  elasticity  ifc 
they  return  ag^in  to  their  old  position  when  the  exter-^ 
nal  force  is  removed*.    Ductility  and  malleability  dew- 
pend  upon. the  same  state  as  softness,  only  the  particle! 
require  a  greater  force  to  make  them  change  their  si- 
tuation and  assume  a  new  one. 
Solution.        6.  When  a  solid  body  is  plunged  into  a  liquid,  if  the 
particles  of  the  liquid  attract  those  of  the  solid  with 
greater  force  than  these  last  particles  attract  each  other, 
they  are  gradually  carried  off  by  the  fluid,  and  combine 
with  its  particles,  that  is  to  say,  the  solid  is  gradually 
dissolved.    Thus  sugar  is  disolved  by  water,  and  sul- 
phur by  oil.    The  particles  of  the  solid  thus  dissolved 
are  each  of  them  surrounded  and  combined  with  a  cer- 
tain number  of  the  particles  of  the  liquid.    Hence  they 
must  be  arranged  in  the  liquid  in  regular  order,  and  at 
'    regular  distances  from  each  other.    The  greater  num- 
ber of  particles  thus  dissolved  by  the  liquid,  tlie  smaller 
is  the  affinity  by  which  each  of  them  is  retained,  because 
it  is  surrounded  by  a  smaller  number  of  particles  of  I 
thti  liquid.    But  the  greater  must  be  the  force  with 
which  these  particles  are  attracted  towards  each  other,  ^ 
and  of  course  tend  to  form  the  solid  again  by  cohesion; 
because  the  greater  the  number  of  the  particles  of  the 
solid  dissolved  in  the  fluid,  the  nearer  are  they  to  each 
other. 

Thus  it  appears  that  the  affinity  between  the  fluid 
and  solid  diniinishes  with  the  quantity  dissolved  ;  but 
that  the  tendency  to  cohi'sion  increases  with  that  quan- 


♦  BoKOvich,  Theoria  Naturalls,  p.  199. 
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c.    Consequently  if  the  solution  be  supposed  to  go  _  ^^^p.  Ii. 
,  thege  two  opposite  forces  must  at  last  balance  one 
©ther.    And  whenever  that  happens,  the  liquid  can 
solve  no  more  of  the  solid.    If  it  did,  the  particles 
:the  solid  would  in  part  cohere,  and  form  a  new  por- 
Mi  of  the  solid  again.    Whenever  this  happens,  the 
lid  is  Sdid  to  be  saturated.    The  saturation  of  a  fluid 
nn  does  not  mean  that  its  affinity  for  the  solid  is  sa- 
llied, but  that  it  is  not  greater  than  the  tendency  of 
:  combined  particles  to  cohere.    Now,  when  a  liquid 
saturated  with  a  solid,  if  by  any  means  we  can  ab- 
aci part  of  that  liquid,  the  cohesive  force  of  the  par- 
lies of  the  solid  must  gain  the  superiority  ;  and  the 
ttisequence  will  be,  that  they  will  unite  and  form  solid 
dies  anew,  till  their  number  be  so  much  diminl^hed, 
It  their  mutual  attraction  is  again  counterbalanced 
the  affinity  of  the  liquid.    Hence  the  reason  that 
poration  occasions  the  crystallization  of  those  bodies 
ulch  are  held  In  solution  by  liquids. 
fj.  These  different  solid  bodies  differ  excessively  from 
bh  other  in  their  tendency  to  cohesion  ;  and  this  diffe- 
ice  can  only  be  ascertained  by  experiment.  Thus  the 
ludency  to  cohesion,  and  the  force  of  cohesion  in  silica, 
>60  strong,  that  when  it  has  been  precipitated  from  a 
lution  by  evaporation,  it  cannot  be  dissolved  again  in 
same  liquid. 

iThis  tendency  to  cohesion,  and  the  consequent  inso- 
»iHty  of  the  compound,  produce  many  of  the  most 
iportant  phenomena  of  chemistry,  as  they  occasion 
various  precipitations  and  decompositions  which  so 
len  take  place  when  different  substances  are  mixed 
<5^ther.    But  this  subject  belongs  more  properly  to 
next  Chapter,  in  which  it  will  be  necessary  to  point 
■WoL.III.  L 
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out  the  effect  of  cohesion  as  an  antagonist  to  heteropc^  i 
nous  affinity.  Let  us  proceed,  therefore,  to  considera 
the  forms  which  bodies  assume  when  their  particlef! 
have  full  liberty  to  unite  themselves  by  cohesion.  ' 


SECT.  II. 


OF  CRYSTALLIZATION. 


Crystals 
formed  by 


Solution, 


The  word  crystal  {tgyrUwoc)^  originally  signified  ice  j 
bur  it  was  afterwards  applied  by  the  ancienrs  to  crystal- 
lized silica,  or  rod  crystal ;  because,  as  Pliny  inform^ 
us,  they  considered  that  body  as  nothing  else  than  water 
congealed  by  the  action  of  cold.  Chemists  afterwards 
applied  the  word  to  all  transparent  bodies  of  a  regular 
shape  ;  and  at  present  it  is  employed  to  denote  in  ge-- 
neral  the  regular  figures  which  bodies  assume  when 
their  particles  have  full  liberty  to  combine  according  to 
the  laws  of  cohesion  Now  there  are  three  ways  by 
which  they  may  be  put  into  that  situation,  namely, 
solution,  suspension,  and  fusion. 

I.  Solution  is  the  common  method  of  crystallizing 
salts.  They  are  dissolved  in  water :  the  water  is  siow- 
ly  evaporated,  the  saline  particles  gndually  approach 
each  other,  combine  together,  and.fornj  small  crystals; 
which  become  constvintiy  larger  by  tliC  addition  of  other 
particles  till  at  last  they  fall  by  their  gravity  to  the  bot- 
tom of  the  vessel.  It  ought  to  be  remarked,  iiowever, 
that  there  are  two  kinds  of  solution,  each  of  which  pre- 
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I'.ts  (Ufferent  phenomena  of  crystallization.  Some  salts    Chap,  il.  ^ 
-solve  in  very  small  proportions  in  cold  water,  hot  are 
ry  soluble  in  hot  water;  that  is  to  say   water  at  the 
mmon  temperature  has  little  effect  upon  them,  but 
ater  combined  with  caloric  dissolves  them  readily. 
fVhen  hot  water  saturated  with  any  of  these  salts  cools, 
:  becomes  incapable  of  holding  them  ni  solution  :  the 
consequence  of  which  is,  that  the  saline  particles  gra- 
lually  approach  each  other  and  crystallize.    Sulphat  of 
)3da  is  a  salt  of  this  kind-    To  crystallize  such  salts 
.othing  more  is  necessary  than  to  saturate  hot  water 
/ith  them,  and  set  it  by  to  cool.    But  were  w€  to  at- 
impt  to  crystallize  them  by  evaporating  the  hot  water, 
/e  should  not  succeed;  nothing  would  be  procured  but 
.'shapeless  mass.    Many  of  the  salts  which  follow  this 
^w  of  crystallization  combine  with. a  great  deal  of  wa- 
:zT  ;  or,  which  is  the  same  thing,  many  crystals  formed 
11  this  manner  contain  a  great  deal  of  water  of  crystal- 
ization. 

There  are  other  salts  again  which  are  nearly  equally 
)5luble  in  hot  and  cold  water;  common  salt  for  instance. 
.  is  evident  that  such  salts  cannot  be  crystallized  by 
iooling  ;  but  they  crystallize  very  well  by  evaporating 
ueir  solution  while  hot.  These  saks  generally  contain 
ut  little  water  of  crystallization. 

2.  It  appears,  too,  that  some  substances  are  capable  Suspension, 
F  assuming  a  crystalline  form  merely  by  having  their 
larticles  suspended  in  water,  without  any  regular  solu- 
con ;  at  least  it  is  not  easy,  on  any  other  supposition, 
)  explain  the  cryst.illizations  of  carbonat  of  lime  some- 
mes  deposited  by  waters  that  run  over  quantities  of 
lat  mineral. 
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3.  There  are  many  substances,  however,  neltlicr  solu* 
ble  in  water,  nor  capable  of  being  so  minutely  dividei 
as  to  continue  long  suspended  In  that  fluid;  and  whic^ 
notwithstanding,  are  capable  of  assuming  a  crystallin 
form.  This  is  the  case  with  the  metals,  with  glass,  an 
some  other  bodies.  The  method  employed  to  crysta 
lize  them  is  fusion,  which  is  a  solution  by  means  of  ca 
loric.  By  this  method  the  particles  are  separated  fror 
one  another;  and  if  the  cooling  goes  on  gradually,  the 
are  a,t  liberty  to  arrange  themselves  in  regular  cr)< 
stals. 

There  are  several  bodies  which  it  has  been  imposslb 
hitherto  to  reduce  to  a  regular  crystallized  form,  eich< 
by  these  or  any  other  method,  owing  chiefly,  no  doub 
to  our  ignorance  of  the  laws  of  crystallization ;  ft 
many  of  these  bodies  are  found  native  in  regular  cr; 
stals.  This  is  the  case  with  carbon  and  alumina,  ar 
many  earthy  combinations. 

4.  The  phenomena  of  crystallization  seem  to  have  a 
tracted  but  little  of  the  attention  of  the  ancient  philos* 
phers.  Their  theory  indeed,  that  the  elements  of  b( 
dies  possess  certain  regular  geometrical  figures,  mi 
have  been  suggested  by  these  phenomena ;  but  we  a: 
ignorant  of  their  having  made  any  regular  attempt 
explain  them.  The  schoolmen  ascribed  the  reqular  ;  f 
gure  of  crystals  to  their  substantial  forms,  without  givir  f 
themselves  much  trouble  about  explaining  the  meanirl 
of  the  term.  This  notion  was  attacked  by  Boyle ;  wl  | 
proved,  that  crystals  are  formed  by  the  mere  aggreg; 
tion  of  particles  *.    But  it  still  remai:>ed  to  explaii 


*  TrcatUe  on  tie  Origin  ef  Forms  and  Qualities. 
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}hy  that  aggregation  took  place  ?  and  why  the  particles  ^  Chap.  II.^ 
"nited  in  such  a  manner  as  to  forrn  regular  figures  ? 
The  aggregation  is  evidently  the  consequence  of  that 
rtractive  force  which  has  been  examined  in  the  last  Sec- 
Don.  But  to  explain  the  cause  of  the  regular  figures  is  a 
tore  difficult  task.  Newton  has  remarked,  that  the  par- 
ccles  of  bodies  while  in  a  state  of  solution,  are  arranged 
II  the  solvent  in  regular  order  and  at  regular  distances; 
we  consequence  of  which  must  be,  that  when  the 
)3rce  of  cohesion  becomes  sufficiently  strong  to  sepa- 
ate  them  from  the  solvent,  they  will  naturally  combine 
1.1  groups,  composed  of  those  particles  which  are  nearest 
ach  other.    Now  all  the  particles  of  the  same  body 
ausc  be  supposed  to  have  the  same  figure ;  and  the 
combination  of  a  determinate  number  of  similar  bodies 
must  produce  similar  figures.    Hauy  has  made  it  ex- 
teedingly  probable  that  these  integrant  particles  always 
combine  in  the  same  body  in  the  same  way,  that  is  to 
aay,  that  the  same  faces,  or  the  same  edges,  always  at- 
wch  themselves  together  ;  but  that  these  diffisr  in  diffe- 
■<ent  crystals.  This  can  scarcely  be  accounted  for,  with- 
out supposing  that  the  particles  of  bodies  are  endowed 
with  a  certain  polarity  which  makes  them  attract  one 
))art  of  another  particle  and  repel  the  other  parts.  This 
oolarity  would  explain  the  regularity  of  crystallization  ; 
)3ut  it  is  itself  inexplicaple. 

5.  It  has  been  observed,  that  those  salts  which  cry- 
sstallize  upon  cooling,  do  not  assume  a  crystalline  form 
5SO  readily  if  they  are  allowed  to  cool  in  close  vessels.  If 
>a  saturated  solution  of  sulphat  of  soda,  for  instance,  in 
hot  water,  be  put  into  a  phial,  corked  up  closely,  and 
sallowed  to  cool  without  being  moved,  no  crystals  are 
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Book  III.    formed  at  all ;  but  the  moment  the  glass  is  openeci,  the/ 
salt  crystallizes  with  such  rapidity  that  the  whole  of  thfljV 
solution  in  a  manner  becomes  solid.  This  phenomenonj 
has  been  explained  by  supposing  that  there  is  an  affiil 
nity  between  the  salt  and  caloric,  and  thst  while  th^ 
caloric  continues  combined  with  it  the  salt  does  not  cry-if 
stallize;  that. the  caloric  does  not  leave  the  salt  so  readily-i^ 
when  external  air  is  not  admitted,  as  glass  receives'? 
it  very  slowly  and  parts  with  it  very  slowly.    In  short, 
the  atmospherical  air  seems  to  be  the  agent  employ- 
ed to  carry  off  the  caloric;  a  task  for  which  it  isi. 
remarkably  \Vtll  fittedj  on  account  of  the  change  o€i 
density  which  it  undergoes  by  every  addition  of  calo-> 
ric.    1  his  is  confirmed  by  the  quantity  of  caloric  which: 
always  makes  its  appearance  during  these  sudden  cry- 
stallizations.   This  explanation  might  be  put  to  the 
test  of  <rxperiment,  by  puttnig  two  solutions  of  sulphat 
of  soda  ill  hot  water  in  two  similar  vessels  ;  one  of  gla?s, 
the  other  of  metal,  and  both  closed  in  the  same  man- 
ner.   If  the  salt  contained  in  the  metallic  vessel  cry- 
stallized, which  ought  to  be  the  case  on  account  of  the 
great  conciucting  power  of  metals,  while  that  in  the  glass 
vessel  remained  liquid,  this  would  be  a  confirmation  of 
the  theory,  amounting  almost  to  demonstration.  On 
the  contrary,  if  both  solutions  remained  liquid,  it  would 
be  a  proof  that  the  phenomenon  was  still  incompletely 
understood. 

Not  oniy  salts  but  water  itself,  which  commoi.ly  cry- 
StalLzcs  at  32°,  may  be  made  to  exhibit  the  .same  phe-, 
nomenon  :  it  may  be  cooled  much  lower  than  32°  with- 
out freezing.  This,  as  Dr  Black  has  completely  pro- 
ved, depends  entirely  upon  tlie  retention  of  caloric. 
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6.  If  the  figure  of  crystals  depends  upon  the  figure  Chap,  ii.^ 
f  their  integrant  particles,  and  upon  the  manner  in 
Thidi  they  combine,  it  is  reasonable  to  suppose  that 
ne  same  particles,  when  at  full  liberty,  will  always 
jjmbine  in  the  same  way,  and  consequently  that  the 
rrystals  of  every  particular  body  will  be  always  the  same. 
[Jothing  at  first  sight  can  appear  farther  from  the 
■•uth  than  this.   The  different  forms  which  the  crystals  crystals 

have  a  pri- 

ff  the  same  body  a^sun.e  are  often  very  numerous,  and  mitive 
xxceedingly  different  from  each  other.  Carbonat  of 
ime,  for  instance,  has  been  observed  crystallized  in  no 
.:wer  than  forty  different  forms,  fluat  of  lime  in  eight 
lifferent  forms,  and  sulphat  of  lime  in  nearly  an  equal 
lumber. 

But  this  inconsistency  is  not  so  great  as  might  at 
rrst  sight-appear.  Rome  de  Lisle  has  shown  that  every 
(0(!y  susceptible  of  crystallization  has  a  particular  form 
/hich  it  most  frequently  assumes,  or  at  least  to  which 
:  most  frequently  approaches.  Bergman  has  demon- 
ttrated,  that  this  primitive  form,  as  Hauy  has  called  it, 
<ery  often  lies  concealed  in  those  very  crystals  which 
[ppear  to  deviate  farthest  from  it.  And  Hauy  has  de- 
•aonstrated,  that  ail  crystals  either  have  this  primitive 
nrm,  or  at  least  contain  it  as  a  nucleus  within  them  ; 
tor  it  may  be  extracted  out  of  all  of  them  by  a  skilful 
•..lechanical  division. 

Happening  to  take  up  a  hexaugular  prism  of  calcare- 
lus  spar,  or  carbonat  of  lime,  which  had  been  detached 
rrom  a  group  of  the  same  kind  of  crystals,  he  observed 
!hat  a  small  portion  of  the  crystal  was  wanting,  and  th.it 
Ihe  fracture  presented  a  very  smooth  surface  Let  abed 
•/^/5>(fig.  12.)  be  tht.  crystal 5  the  fracture  lay  obi iquely 
las  the  trapezium  p  s  n  't,  and  made  an  angle  of  135°, 
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Book  in.  bojj^  ^IjJ^  remainder  of  the  base  abc  s  ph  and  with 
t  u  efy  the  remainder  of  the  side  i  n  e  f  Observing 
that  the  segment  p  s  u  t  i  n  thus  cut  o(F  had  for  its  ver* 
tex  iriy  one  of  the  edges  of  the  base  abcnih  of  the, 
prism,  he  attempted  to  detach  a  similar  segment  in  thei{ 
part  to  ^vhich  the  next  edge  c  n  belonged ;  employed  for 
that  purpose  the  blade  of  a  knife,  directed  in  the  same 
degree  of  obliquity  as  the  trapezium  p  su  and  assisted 
by  the  strokes  of  a  hammer.  He  could  not  succeed  : 
But  upon  making  the  attempt  upon  the  next  edge  b 
he  detached  another  segment, precisely  similar  to  the  first) 
and  which  had  for  its  vertex  the  edge  b  c  He  could  pro* 
duce  no  effect  on  the  next  edge  ab;  but  from  the  next 
following,  a  by  he  cut  a  segment  similar  to  the  other  two. 
The  sixth  edge  likewise  proved  refractory.  He  thea 
went  to  the  other  base  of  the  prism  defghr,  and 
found,  that  the  edges  which  admitted  sections  similar 
to  the  preceding  ones  were  not  the  edges  ef,  d  r,  g 
corresponding  with  those  which  had  been  found  divisible 
at  the  opposite  base,  but  the  intermediate  edges  d  e,  if^ 
gf.  The  trapezium  I  q y  represents  the  section  of 
the  segment  which  had  k  r  for  its  vertex.  This  section 
was  evidently  parallel  to  the  section  p  s  ut ;  and  the 
other  four  sections  were  also  parallel  two  and  two. 
These  sections  were,  without  doubt,  th^  natural  joinings 
of  the  layers  of  the  crystal.  And  he  easily  succeeded 
in  making  others  parallel  to  them,  without  its  being 
possible  for  him  to  divide  the  crystal  in  atiy  other  direc- 
tion. In  this  manner  he  detached  layer  after  layer,  ap- 
proaching always  nearer  and  nearer  the  axis  of  ihft 
prism,  till  at  last  the  bases  disappeared  altogether,  and 
the  prism  was  converted  into  a  solid  OX  (fig.  13.),  ter- 
minated by  twelve  pentagons,  parallel  two  and  two  i  of 
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ich  those  at  the  extremities,  that  is  to  say,  ASRIO,    Chap.  if. 
(GEDO,  BAODC  at  one  end,  and  FKNPQ^  MNPXU,  '  ' 
ZQPXY  at  the  other,  were  the  results  of  mechanical 
Hivision,  and  had  their  common  vertices  O,  P  situated 
ut  the  entrance  of  the  bases  of  the  original  prism.  The 
iiix  lateral  pentagons  RSUXY,  ZYRIG,  &c.  were  the 
rremains  of  the  six  sides  of  the  original  prism. 
■  By  continuing  sections  parallel  to  the  former  ones, 
;!:he  lateral  pentagons  diminished  in  length;  and  at  last 
;,:he  points  R,  G  coinciding  with  the  points  Y,  Z,  the 
joints  S,  R  witli  the  points  U,  Y,  &c.  there  remain- 
;ed  nothing  of  the  lateral  pentagons  but  the  triangles 
\YlZj  UXY,  &c.  (fig.  14.).    By  continuing  the  same 
sections,  these  triangles  at  last  disappeared,  and  the 
iprism  was  converted  into  the  rhomboid  a  e  (fig.  15.), 

So  unexpected  a  result  induced  him  to  make  the 
55ame  attempt  upon  more  of  these  crystals^  and  he  found 
trhat  all  of  them  could  be  reduced  to  similar  rhomboids. 
IHe  found  also,  that  the  crystals  of  other  substances 
ccould  be  reduced  in  the  same  manner  to  certain  primi- 
ttive  forms;  always  the  same  in  the  same  substances, 
tbut  every  substance  having  its  own  peculiar  form.  The 
[primitive  form  of  fluat  of  lime,  for  instance,  was  an  oc- 
ttahedron  ;  of  sulphat  of  barytes,  a  prism  with  rhomboi- 
cdal  bases ;  of  felspar,  an  oblique  angled  parallelopi- 
Iped,  but  not  fhomboidal ;  of  adamantine  spar,  a  rhom- 
Iboid,  somewhat  acute  ;  of  blende,  a  dodecahedron,  with 
rrhomboidal  sides  ;  and  so  on. 

These  primitive  forms  must  depend  upon  the  figure 
cof  the  integrant  particles  composing  these  crystals,  and 
mpon  the  manner  in  which  they  combine  with  each 
rother.  Now  by  continuing  the  mechanical  division  of 
tthe  crystal,  by  cutting  off  slices  parallel  to  each  of  its 
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,  Boob  III,    faces,  wje  must  at  last  reduce  it  to  so  small  a  size  that  it 
integr  int     shall  contain  o.ily  a  single;  int' grant  particle.  Conse* 
three  fi-°^   quentlj  this  ultimate  figure  of  the  crystal  must  be  the 
gures.         figure  of  the  integrant  particles  of  which  it  is  compo- 
posed.    The  mechanical  divison,  indeed,  cannot  be  con- 
tinued so  far,  but  ic  may  be  continued  till  it  can  be  de- 
monstra  ed  that  no  subsequent  division  can  alter  its  fi- 
gure.   Consequently  it  can  be  continued  till  the  figure 
which  it  assumes  is  similar  to  that  of  its  integrant  par- 
ticles, 

Hauy  has  found,  that  the  figure  of  the  integrant  par- 
ticles of  bodies,  as  far  as  experiment  has  gone,  may  be 
reduced  to  three;  namely, 

1.  The  parallelopiped,  the  simplest  of  the  solids, 
whose  faces  are  six  in  number,  and  parallel  two  and 
two. 

2.  The  triangular  prism,  the  simplest  of  prisms. 

3.  The  tetrahedron,  the  simplest  of  pyramids.  Even 
this  gmall  number  of  primitive  forms  if  we  consider 
the  almost  endless  diversity  of  size,  proportion,  and  den- 
sity, to  which  particles  of, different  bodies,  though  they 
have  the  same  figure,  inay  still  be  liable,  will  be  found 
fully  sufficient  to  account  for  all  the  differences  in  cohe- 
sion and  heterogeneous  affinity  without  having  recourse 
to  different  absolute  forces. 

These  integrant  particles,  when  they  unite  to  form 
the  primitive  crystals,  do  not  always  join  together  in 
the  same  way.  Sometimes  they  unite  by  their  faces, 
and  at  other  times  by  their  edges,  leaving  considerable 
vacuities  between  each.  This  explains  why  integrant 
particles,  though  they  have  the  same  form,  may  com- 
pose primitive  crystals  of  different  figures. 
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Mr  Hauy  has  ascertained,  that  the  primitive  forms     Cliap.  il. 
crystals  are  six  in  number  ;  namely,  Primitive 
I.  The  parallelopiped,  which  includes  the  cube,  the 
•■•hcmboid,  and  all  solids  terminated  by  six  faces,  paral- 
cel  two  and  two. 
.  2.  The  regular  tetrahedron. 
,3.  The  octahedron  with  triangular  faces. 

4.  The  six-sided  prism. 

5.  The  dodecahedron,  terminated  by  rhombs. 

.  6.  The  dodecahedron,  with  isosceles  triangular  faces. 
Each  of  these  may  be  supposed  to  occur  as  the  pri- 
mitive form  or  the  nucleus  in  a  variety  of  bodies  ;  but 
hose  only  which  are  regular,  as  the  cube  and  the  octa-. 
ledron,  have  hitherto  been  found  in  any  considerable 
iiumber.  .  , 

Jiut  bodies,  when  crystallized,  do  not  always  appear 
rn  the  primitive  form  ;  some  of  them  indeed  vei"y  sel- 
t.om  affect  that  form ;  and  all  of  them  have  a  certain  la- 
iitude  and  a  certain  number  of  forms  which  they  as- 
sume occasionally  as  well  as  the  primitive  form.  Thus  Secondary 
l;Ue  primitive  form  of  fiuat  of  lime  is  the  octahedron  ;  crystals o%v.9 

■•^  _  -  _       li:g-  to 

ut  that  salt  is  often  found  crystallized  in  cubes,  in 
Ihomboidal  dodecahedrons,  and  in  other  forms.  All 
aese  different  forms  which  a  body  assumes,  the  primi- 
i.ve  excepted,  have  been  denominated  by  Hauy  iecon- 
'ary  forms.  Now  what  is  the  reason  of  this  latitude 
.1  crystallizing  ?  why  do  bodies  assume  so  often  these 
iecondary  forms  ? 
7,  To  this  it  may  be  answered  : 

ij/.  That  these  secondary  forms  are  sometimes  owing  pifFercnccs 
30  variations  in  the  ingredients  v/hich  compose  the  in-  yos't-^^nT' 
pcgrant  pai  tides  of  any  particular  body.    Alum,  for 
nstance,  crystallizes  in  octahedrcns;  tut  when  a  quan- 
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Book  IIL  tity  of  alumina  is  added,  it  crystallizes  in  cubes ;  and 
when  there  is  an  excess  of  alumina,  it  does  not  crystal- 
lize at  ail.  If  the  proportion  of  alumina  varies  between 
that  which  produces  octahedrons  and  what  produces  cu- 
bic crystals,  the  crystals  become  figures  with  fourteen 
sides  5  six  of  which  are  parallel  to  those  of  tlie  cube 
and  eight  to  those  of  the  octahedron  ;  and  according  as 
the  proportions  approach  nearer  to  those  which  form 
cubes  or  octahedrons,  the  crystals  assume  more  or  less 
of  the  form  of  culies  or  octahedrons.  What  is  still 
more,  if  a  cubic  crystal  of  alum  be  put  into  a  solution 
that  would  afford  octahedral  crystals,  it  passes  into  aa 
octahedron  :  and,  on  the  other  hand,  an  octahedral  cry- 
stal put  into  a  solution  that  would  afford  cubic  crystals 
becomes  itself  a  cube  *.  Now,  how  difficult  a  matter 
it  is  to.  proportion  the  different  ingredients  with  absolute 
exactness  must  appear  evideiit  to  all. 
In  the  sol-  id.  The  secondary  forms  are  sometimes  owing  to 
'  the  solvent  in  which  the  crystals  are  formed.  Thus  if 
common  salt  be  dissolved  in  water,  and  then  crystalli- 
zed, it  assumes  the  form  of  cubes  j  but  when  crystalli- 
zed in  urine,  it  assumes  the  form  not  of  cubes,  but  of 
regular  octahedrons.  On  the  other  hand,  muriat  of  am- 
monia, when  crystallized  in  water,  assumes  the  octa 
hedral  form,  but  in  urine  it  crystallizes  in  cubesf. 

3^/,  But  even  when  the  solvent  is  the  same,  and  the 
proportion  of  ingredients,  as  far  as  can  be  ascertained, 
exactly  the  same,  still  there  are  a  variety  of  secondary 
forms  which  usually  make  their  appearance.  These 
secondary  forms  have  been  happily  explained  by  the 


*  Lc  Blanc,  -nn.  Jc  Chim.  xiv.  149. 
Fourcroy  and  Vauquclin,  Ibid. 
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theory  of  crystallization,  for  which  we  are  indebted  to 
tthe  sagacity  of  Mr  Hauy  ;  a  theory  which,  for  its  in- 
genuity, clearness,  and  importance,  must  ever  rank  high, 
teaid  which  must  be  considered  as  one  of  the  greatest  ac- 
^quisitions  which  mineralogy  and  even  chemistry  have 
^hitherto  attained. 

According  to  this  theory,  the  additional  matter  which  To  the  4if- 
(cnvelopes  the  primitive  nucleus  consists  of  thin  slices  crementsof 
cor  layers  of  particles  laid  one  above  another  upon  the  Jj^^^i^^^^^ 
ifaces  of  that  nucleus;  and  each  layer  decreasing  in  size,  »«• 
in  consequence  of  the  abstraction  of  one  or  more  rows 
(of  integrant  particles  from  its  edges  or  angles. 

Let  us  suppose  that  ABFG  (fig  16.)  is  a  cube  com- 
posed of  729  small  cubes  :  each  of  its  sides  will  consist 
of  8  I  squares,  being  the  external  sides  of  as  many  cu- 
bic particles,  which  together  constitute  the  cube.  Up- 
on ABCD,  one  of  the  sides  of  this  cube,  let  us  apply  a 
square  lamina,  composed  of  cubes  equal  to  those  of 
which  the  primitive  crystal  consists,  but  which  has  on 
I  each  side  a  row  of  cubes  less  than  the  outermost  layer 
'  of  the  primitive  cube.  It  will  of  course  be  composed 
of  4.9  cubes,  7  on  each  side  ;  so  that  its  lower  base  onf  g 
(fig.  17.)  will  fall  exactly  on  the  square  marked  with 
the  same  letters  in  fie;.  16. 

Above  this  lamina  let  us  apply  a  second  Itnpu  (fig. 
18.),  composed  of  25  cubes  ;  it  will  be  situated  exactly 
above  the  square  marked  with  the  same  letters  (fig.  1 6.) 
Upon  this  second  let  us  apply  a  third  lamina  d  x y  % 
(fig.  19  ),  consisting  only  of  9  cubes  ;  so  that  its  base 
shall  rest  upon  the  letters  vxyz  (fig.  16.)  Lastly,  on 
the  middle  square  r  let  us  place  the  small  cube  r  (iig. 
20.),  which  will  represent  the  last  lamina. 

It  is  evident  that  by  this  process  a  quadrangular  py- 
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ramid  has  been  formed  upon  the  face  ABCD  (fig.  16.}, 
the  base  of  which  is  this  face,  and  the  vertex  the  cube 
r  (fig.  20.)  By  continuing  the  same  operation  on  the 
other  five  sides  of  the  cube,  as  many  s"mi]ar  pyramids 
Will  be  formed  ;  which  will  envelope  the  cube  on  every 
side. 

It  is  evident^  however,  that  th6  sides  of  these  pyra- 
mids will  not  form  continued  planes,  but  that,  owing  to 
the  gradual  diminution  of  the  laminae  of  the  cubes  which 
compose  them,  these  sides  will  resemble  the  steps  of  a 
stair.    We  can  suppose,  however  (what  must  certainly 
be  the  case),  that  the  cubes  of  which  the  nucleus  is 
formed  are  exceedingly  small,  almost  imperceptible ; 
that  therefore  a  vast  number  of  laminae  are  required  to 
form  the  pyramids,  and  consequently  th?t  the  channels 
which  they  form  are  imperceptible    Now  DCEE  (fig. 
21.)  being  the  pyramid  resting  upon  the  face  ABCD 
(fig.  16  ),  and  CBOG  (fig.  21.)  the  pyramid  applied 
to  the  next  face  BCGH  (fig.  16.),  if  we  consider  that 
every  thing  is  uniform  from  E  to  O  (fig.  21.)  in  the 
manner  in  which  the  edges  of  the  lamina  of  superposi- 
tion (as  the  Abbe  Hauy  calls  the  laminae  which  com- 
pose the  pyramids)  mutually  project  beyond  each  other, 
it  will  readily  be  conceived   that  the  face  (iEB  of  the 
first  pyramid  ought  to  be  exactly  in  the  same  plane 
with  the  face  COB  of  the  adjacent  pyramid;  and  that 
therefore  the  two  faces  together  will  form  one  rhomb 
ILCOB.    But  all  the  sides  of  the  six  pyramids  amount 
to  24  triangles  similar  to  CEB  ;  consequently  they  will 
form  12  rhombs,  and  the  figure  of  the  whole  crystal 
will  be^  dodecahedron. 

Thus  we  see  that  a  body  which  has  the  cube  for  the 
primitive  form  of  its  crystals,  may  have  a  dodecahedron 
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or  its  secondary  form.  The  formation  of  secondary  Chap 
rjstals,  by  the  superposition  of  laminae  gradually  de- 
reasing  in  size,  was  first  pointed  out  by  Bergman.  But 
Hauy  has  carried  the  subject  much  farther  :  He  has 
cot  only  ascertained  all  the  differ'  nt  ways  by  which 
hhese  decrements  of  the  laminae  may  take  place,  but 
oointcd  out  the  method  of  calculating  all  the  possible 
/ariety  of  secondary  forms  which  can  result  from  a 
nveu  primitive  form;  and  consequently  of  ascertaining 
kvhether  or  not  any  given  crystal  can  be  the  secondary 
corm  of  a  given  species. 

The  decrements  of  the  laminae  which  cover  the  pri- 
mitive nucleus  in  secondary  crystals  are  of  four  kinds. 

1.  Decrements  on  the  edges  ;  that  is,  on  the  edges  of  These 
l:lie  slices  which  correspond  with  the  edges  of  the  pri- 
mitive nucleus. 

2  Decrements  on  the  angles ;  that  is  to  say,  parallel 
CO  the  diagonals  of  the  faces  of  the  primitive  nucleus. 

3.  hi ter mediate  decrements;  that  is  to  say,  parallel 
CO  lines  situated  obliquely  between  the  diagonals  and 
iidges  of  the  faces  of  the  primitive  nucleus. 

i^.  Mixed  decrements.  In  these  the  superincumbent 
ulices,  instead  of  having  only  the  thickness  of  one  in- 
::egrant  particle,  have  the  thickness  of  two  or  more  in- 
tegrant particles  ;  and  the  decreme;'t,  whether  parallel 
CO  the  edges  or  angles,  consists  not  t»f  the  abstraction  of 
oone  row  of  particles,  but  of  two  or  more.  Hauy  de- 
notes these  decrements  by  fractions,  in  which  the  nu- 
merator indicates  the  number  of  rows  of  particles  which 
cconstitutes  the  decrement,  and  the  denominator  repre- 
fsents  the  thickness  of  the  laminae.  Thus  \  denotes  la- 
nminae  of  the  thickness  of  three  integrant  particles,  de- 
ccreasing  by  two  rows  of  particles. 
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An  examiije  of  the  first  la\v  of  decrement,  or  of  de- 
crement  on  the  edges ^  has  been  given  above  in  conver- 
sion of  the  cubic  nucleus  to  a  rhomboidal  dodecahedron 
In  tbat  example  the  decrement  consisted  of  one  row  o 
particles,  and  it  took  place  on  all  the  edges.  But  thesJ 
decrements  may  be  more  rapid ;  instead  of  one,  the) 
may  consist  of  two,  three,  four,  or  more  rows  :  and  in- 
stead of  taking  place  on  all  the  edges,  they  may  be  con- 
fined to  one  or  two  of  them,  while  no  decrement  at  al 
takes  place  on  the  others.  Each  of  the^e  dilTerent  mo- 
difications must  produce'a  different  secondary  crystal 
Besides  this,,  the  laminae  may  cease  to  be  added  before 
they  have  reached  their  smallest  possible  si?L,e ;  the  con- 
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sequence  of  which  must  be  a  different  secondary  form 
Thus,  in  the  example  given  above,  if  the  superpositior 
of  laminae  had  ceased  before  the  pyramids  were  com 
pleted,  the  crj'stal  would  have  consisted  of  1 8  faces,  t 
squares  parallel  to  the  f^ces  of  the  primitive  nucleus 
and  1 2  hexahedrons  parallel  to  the  faces  of  the  seconda- 
ry dodecahedron.  This  is  the  figure  of  the  borat  o 
lime-and-magnesia  found  at  Luneburg. 

The  second  law  in  which  the  decrement  is  on  th< 
angles,  or  parallel  to  the  diagonals  of  the  faces  of  th( 
primitive  nucleus,  will  be  understood  from  the  follow 
ing  example :  Let  it  be  proposed  to  construct  arounc 
the  cube  ABGF  (fig.  22^),  considered  as  a  nucleus, 
secondary  solid,  in  which  the  1-aminae  of  superpositior 
shall  decrease  on  all  sides  by  single  rows  of  cubes,  bu^ 
in  a  direction  parallel  to  the  diagonals.  Let  ABCE 
(fig.  ?3.),  the  superior  base  of  the  nucleus,  be  dividec 
into  8-1  squares,  representing  the  faces  of  the  smal 
cubes  of  which  it  is  composed.  Fig.  24.  represents  th^ 
superior  surface  of  the  first  lamina  of  superposition 
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ihich  must  be  placed  above  ABCD  (fig.  23.)  in  such  ,  ^^^V-  ^ 
nmanner,  that  the  points  a',  V ,  c\  d',  (fig.  24.)  answer 

the  points  a,  ^,  c,  d,  (fig.  23.)  By  this  disposition, 
te  squares  A^,  B^,  Cc,  Dr/j  (fig.  23.)  whicla  compose 
ee  four  outermost  rows  of  squares  parallel  to  the  dia- 
unals  AC,  BD,  remain  uncovered.  It  is  evident  also, 
aat  the  borders  QV,  ON,  [L,  GF,  (fig.  24.)  project 
n  one  range  beyond  the  borders  AB,  AD,  CD,  BC, 
ii.g-  23.),  which  is  necessary,  that  the  nucleus  may  be 
'.veloped  towards  these  edges.:  For  if  this  were  not 
ee  case,  re-entering  angles  would  be  formed  towards 
ee  parts  AB,  BC,  CD,  DA  of  the  crystal  which 
igles  appear  to  be  excluded  by  the  laws  which  deter- 
iine  the  formation  of  simple  crystals,  or,  which  comes 

the  same  tiling,  no  such  angles  are  evtr  observed  in 
jy  crystal.  The  solid  must  increase,  then,  in  those 
irts  to.  which  the  decrement  does  not  extend.  But  as 
lis  decrement  is  alone  sufficient  to  determine  the  form 

the  secondary  crystal,  we  may  set  aside  all  the  other 
rriations  which  intervene  only  in  a  subsidiary  manner^ 
icept  when  it  is  wished,  as  in  the  present  case,  to  con*- 
r-uct  artificially  a  solid  representation  of  a  crystal, 
cd  to  exhibit  all  the  details  which  relate  to  its  struct 
tre. 

'  The  superior  face  of  the  second  lamina  will  be  A'G'  . 
tiC'  (fig  25.)     It  must  be  placed  so  that  the  points 

b'\  c'\  d"  correspond  to  the  points  V ,  c',  d',  (fig. . 
..),  which  will  leave  tincovefed  a  second  row  of  cubes 
teach  angle,  parallel  to  the  diagonals  AC  and  BD. 
liie  solid  still  increases  towards  the  sides.  The  large 
xes  of  the  laminae  of  superposition,  which  in  fig.  24. 
;ere  octagons,  in  fig.  25.  arrive  at  thai  of  a  square  j 
ad  when  they  pass  that  term  they  decrease  on  all  sides  j 
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_  30  that  the  next  lainina  has  for  its  superior  face  t\i 
square  B'M'L'S'  (fig.  a6.),  less  by  one  range  in  ever 
direction  than  the  preceding  larnina  (fig.  23.)  Tl 
square  must  be  placed  so  that  the  points  e',/',^^',  I. 
(fig.  26.)  correspond  to  the  points  e,fyg^  h,  (fig.  25 
Figures  27,  28,  29.  and  30,  represent  the  four  lamin 
which  ought  to  rise  successively  above  the  precedin 
the  manner  of  placing  them  being  pointed  out  by  coj 
responding  letters,  as  was  done  with  respect  to  t 
three  first  lamince.  T  he  last  lamina  (fig.  31.)  is 
single  cube,  which  ought  to  be  placed  upon  the  squa 
5s  (fig.  30.) 

The  laminae  of  superposition,  thus  applied  upon  t 
side  ABCD  (fig.  23.),  evidently  produce  four  fao 
which  corresf;ond  to  the  points  A.  B,  C,  D,  and  foi 
a  pyramid.  These  faces,  having  been  formed  by 
minae,  which  began  by  increasing,  and  afterwards  c 
creased,  must  be  quadrilaterals  of  the  figure  represent 
in  fi^g.  32. ;  in  which  the  inferior  angle  C  is  the  sai 
point  with  the  angle  C  of  the  nucleus  (fig  22.  and  23 
and  the  diagonal  LQ^represents  L'G'  of  the  lam 
A'G'L'K'  (%.  25.)  And  as  the  number  of  lami 
composing  the  triangle  LQC  (fig-  32.)  is  much  smal 
tban  that  of  the  laminae  forming  the  triangle  ZL>Q^ 
is  evident  -that  the  latter  triangle  will  have  a  mi 
greater  height  than  the  former. 

The  surface,  then,  of  the  secondary  crystal  thus  p 
duced,  must  evidently  consist  of  24  quadrilaterals  ( 
pyramids  are  raised  on  the  other  5  sidus  of  the  prim 
cube  exa,ctly  in  the  same  manner,  disposed  3  and  :  j| 
round  each  solid  angle  of  the  nucleus.  But  in  coj 
qucnce  of  the  decrement  by  one  range,  the  thrpe  q 
drilaterals  which  belong  to  each  solid  angle,  as  C  ( 
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.i.),  will  be  in  the  same  plane,  and  will  form  an  equi-     Chap.  IL 
teral  triangle  ZIN  (fig  33.)    The  24  quadrilaterals, 
icn,  will  produce  8  equilateral  triangles  ;  and  conse- 
:Lientlj  the  secondary  crystal  will  be  a  regular  octa- 
hedron.   This  is  the  .structure  of  the  octabedral  sul- 
nuret  of  lead  and  of  muriat  of  soda. 
The  third  law  is  occasioned  by  the  abstraction  of  Third  and 
uuble,  triple,  &:c,  particles.    Fig.  34.  exhibits  an  in-  JrcmLS" 
ance  of  the  subtractions  in  question  ;  and  it  is  seen 
at  the  moleculae  which  compose  the  range  represent- 
by  that  figure  are  assorted  in  such  a  manner  as  if  of 
.'o  there  were  formed  only  one  ;  so  that  we  need  only 
.  conceive  the  crystal  composed  of  parallelopipedons 
ving  their  bases  equal  to  the  small  rectangles  ah  c 
'fg,  h gil,  &c.  to  reduce  this  case  under  that  of  the 
ommon  decrements  on  the  angles. 
This  particular  decrement,  as  well  as  the  fourth  law, 
iiich  requires  no  farther  explanation,  is  uncommon, 
ileed  Hauy  has  only  met  with  mixed  decrements  in 
me  metallic  crystals. 

These  different  laws  of  decrement  account  for  all  the 
FFerent  forms  of  secondary  crystals.  But  in  order  to 
the  vast  number  of  secondary  forms  which  may  re- 
.^.t  from  them,  it  is  necessary  to  attend  to  the  different 
wdifications  which  result  from  their  acting  separately 
ttogether.  These .  modifications  maybe  reduced  to 
•?en 

II.  The  decrements  take  place  sometimes  on  all  the  Modifica- 
tions to 

;es,  or  all  the  angles,  at  once.  which  these 

■       e  1  -J  •  decrements 

»2  bometimes  only  on  certam  edges,  or  certain  an-  ^j.^  gubject. 
s-3. 

53.  Sometimes  they  are  uniform,  and  consist  of  one, 
)0,  or  more  rows. 
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Book  III.       ^_  Sometimes  they  vary  from  one  edge  to  another 
or  from  one  angle  to  another. 

5.  Sometimes  decrements  on  the  edges  and  angles 
take  place  at  the  same  time. 

6.  Sometimes  the  same  edge  or  angle  is  subjected  suc- 
cessively to  different  laws  of  decrement. 

7.  Sometimes  the  secondary  crystal  has  faces  paral- 
lel to  those  of  the  primitive  nucleus,  from  the  superpo- 
sition of  laminse  not  going  beyond  a  certain  extent. 

Hence  Mr  Hauy  has  divided  secondary  forms  into 
two  kinds,  namely,  simple  and  compound.  Simple  se.^ 
condary  crystals  are  those  which  result  from  a  singl 
law  of  decrement,  and  which  entirely  conceal  the  pr 
mitive  nucleus.  Compound  secondary  crystals  are  tho 
which  result  from  several  laws  of  decrement  at  once,  o 
from  a  single  law  which  has  not  reached  its  limit,  and 
which  of  course  has  left  in  the  secondary  crystal  face| 
parallel  to  those  of  the  primitive  nucleus. 

"  if  amidst  this  diversity  of  laws  (observes  Mr  Hauy) 
sometimes  insulated,  sometimes  united  by  combination 
more  or  less  complex,  the  number  of  the  ranges  sub 
tracted  were  itself  extremely  variable  ;  for  exampl 
were  these  decrements  by  12,  20,  30,  or  40  rano-es,  o 
more,  as  might  absolutely  be  possible,  the  multitude 
the  forms  which  might  exist  in  each  kind  of  miner 
would  be  immense,  and  exceed  what  could  be  imaginec^ 
But  the  power  which  aifccts  the  subtractions  seems  t; 
have  a  very  limited  action.  These  subtractions,  for  th 
most  part,  take  place  bv  one  or  two  ranges  of  mole, 
cuies.    1  have  found  none  which  exceeded  four  range; 
except  in  a  variety  of  calcareous  spar,  forming  part 
the  collection  of  C.  Gillet  Laumont,  the  structure  ( 
which  depends  on  a  decrement  by  six  ranges  ;  so  tha 
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'  there  exist  laws  which  exceed  the  decrements  by  four  ^  Chap.  II. 
langes,  there  is  reason  to  believe  that  they  rarely  take 
ilace  in  nature.  Yet,  notwithstandincr  these  narrow 
imits  by  which  the  laws  of  crystallization  are  circum- 
c:ribed,  T  have  found,  by  confining  myself  to  two  of 
lie  simplest  laws,  that  is  to  sav,  those  which  produce 
laibtractions  by  one  or  two  rang  s,  t"  at  calcareous  spar 
ii  susceptible  of  2044  different  forms  :  a  number  which 
xxceeds  more  than  50  times  that  of  the  forms  already 
mown  ;  and  if  we  admit  into  the  combination  decre- 
iients  by  three  and  four  ranges,  calculation  will  give 
,,388,604  possible  forms  in  regard  to  the  same  sub- 
tance.  This  number  may  be  still  very  much  aug- 
nented  in  consequence  of  decrements  either  mixed  or 
iitermediary. 

The  striae  remarked  on  the  surface  of  a  multitude  of 
rrystals  afford  a  new  proof  in  favour  of  theory,  as  they 
llwajs  have  directions  parallel  to  the  projecting  edges 
tf  the  laminse  of  superposition,  which  mutually  go  be- 
(ond  each  other,  unless  they  arise  from  some  particular 
F/ant  of  regularity.  Not  that  the  inequalities  resulting 
rrom  the  decrements  must  be  always  sensible,  suppo- 
iing  the  form  of  the  crystals  had  always  that  degree  of 
inishing  of  which  it  is  susceptible  ;  for,  on  account  of 
Ue  extreme  minuteness  of  the  molecules,  the  surface 
.vould  appear  of  a  beautiful  polish,  and  the  strias  would 
Uude  our  senses.  There  are  therefore  secondary  cry- 
ttals  where  they  are  not  at  all  observed,  while  they  are 
eery  visible  in  other  crystals  of  the  same  nature  and 
norm.  In  the  latter  case,  the  action  of  the  causes  which 
uroduce  crystallization  not  having  fully  enjoyed  all  the 
!  onditions  necessary  for  perfecting  that  so  delicate  ope- 
ration of  nature,  there  have  been  starts  and  interruptions 
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in  their  progress ;  so  that,  the  law  of  continuity  not  h 
ving  been  exactly  observed,  there  have  remained  on  th 
surface  of  the  crystal  vacancies  apparent  to  our  eyes 
These  small  deviations  are  attended  with  this  adva 
tage,  that  they  point  out  the  direction  according  t 
which  the  striae  are  arranged  in  lines  on  the  perfec 
forms  where  they  escape  our  organs,  and  thus  contri- 
bute  to  unfold  to  us  the  real  mechanism  of  the  struc- 
ture. 

The  small  vacuities  which  the  edges  of  the  laminas  o4 
Superposition  leave  on  the  surface  of  even  the  most  per 
feet  secondary  crystals,  by  their  re-entering  and  salien 
angles,  thus  afford  a  satisfactory  soludon  of  the  difficul 
ty  a  little  before  mentioned ;  which  is,  that  the  frag- 
ments obtained  by  division,  the  external  sides  of  which 
form  part  of  the  faces  of  the  secondary  crystal,  are  not 
like  those  drawn  from  the  interior  part.  For  this  di 
versity,  which  is  only  apparent,  arises  from  the  sides  in 
question  being  composed  of  a  multitude  of  small  planes, 
really  inclined  to  one  another,  but  which,  on  account 
of  their  smalness,  present  the  appearance  of  one  plane  ; 
so  that  if  the  division  could  reach  its  utmost  bounds,  all  i 
these  fragments  would  be  resolved  into  molecules  si 
milar  to  each  other,  and  to  those  situated  towards  the 
centre. 

The  fecundity  of  the  laws  on  which  the  variations  o 
crystalline  forms  depend,  is  not  confined  to  the  produ- 
cing of  a  multitude  of  very  different  forms  with  the 
same  molecules.  It  often  happens  also,  that  molecules 
of  different  figures  arrange  themselves  in  such  a  man- 
ner as  gives  rise  to  like  polyhedra  in  different  kinds  of 
minerals  Thus  the  dodecahedron  with  rhombuses  for 
its  planes,  which  we  obtained  by  combining  cubic  mole- 
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ICS,  exists  in  the  granite  with  a  structure  composed 
stnall  tetrahedra,  having  isosceles  triangular  faces  ; 
1  I  have  found  it  in  sparry  fluor  (Jliiat  of  iime)^ 
xive  there  is  also  an  assemblage  of  tetrahedr?,  but  re- 
inlar  ;  that  is  to  say,  the  fac.es  of  which  at^  -equilateral 
rriangles.    Nay  inore,  it  is  possible  that  similar  mole- 
liules  inay  produce  the  same  crystalline  form  by  diiFe- 
eent  laws  of  decrement.    In  short,  calculation  has  con- 
lucted  me  to  another  result^  which  appeared  to  me  still 
iiore  remarkable,  which  is,  that,  in  consequence  of  a 
iimple  law  of  decrement,  there  may  exist  a  crj'stal 
/hich  externally  has  a  perfect  resemblance  to  the  nur 
I.leus.  that  is  to  say,  to  a  solid  that  does  not  arise  from 
my  law  of  decrement*." 

Such  is  a  general  view  of  Hauy's  theory  of  crystal- 
lization, which  has  led  already  to  several  very  impor- 
aant  discoveries  in  mineralogy,  and  may  be  expected  to 
eead  to  still  more  important  ones  hereafter.  The  evi- 
tence  for  its  truth  is  the  complete  manner  in  which  it 
explains  the  phenomena,  and  the  exact  coincidence  of 
matter  of  f  ict  in  every  instance,  with  the  result  of  cal- 
lulation.  But  as  it  cannot  be  shewn  that  the  secondary 
forms  are  actually  crystallized  according  to  the  theory, 
y-ve  must  consider  it  in  the  light  of  a  mathematical  hy- 
Dothesis  ;  an  hypothesis,  however,  of  very  great  im- 
JDortance,  because  it  serves  to  link  together  a  vast  num- 
ber of  otherwise  unconnected  facts  ;  because  it  enables 
ais  to  subject  all  the  forms  of  crystals  to  calculation  ; 
•and  because  it  puts  it  in  our  power  to  ascertain  the  na- 
^;ure  of  a  body  with  the  utmost  certainty,  from  an  accu- 
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rate  examination  of  the  figure  of  its  crystals.  Such 
hypotheses  may  be  considered  as  the  clues  which  lead 
us  through  the  otherwise  impenetrable  mazes  of  error, 
and  conduct  us  at  last,  though  after  a  tedious  journey, 
to  the  goal  of  certainty  and  truth.  f 


CHAP.  III. 

OF  HETEROGENEOUS  AFFINITY, 


Heterogeneous  affinity  differs  from  cohesion  mere-, 
ly  in  being  confined  to  heterogeneous  particles.  It  is 
usually  known  by  the  appellation  of  chemical  affinity. 
and  has  hitherto  almost  exclusively  occupied  the  atten- 
tion of  chemists,  on  the  supposition  that  it  is  exclusive- 
ly the  cause  of  all  the  compositions  and  decompositions 
with  which  they  are  conversant ;  though  in  fact  its  in 
fluence  is  neither  more  extensive  nor  more  important 
than  that  of  cohesion.  Indeed  the  two  powers  are  so 
intimately  connected,  that  their  actions  are  very  seldom 
exhibited  separately.  In  treating  of  heterogeneous  af- 
finity, it  is  necessary  tq  consider,  i.  How  heterogeneous 
particles  combine  ;  2.  In  what  proportions  they  are  ca- 
pable of  combining;  3.  The  force  with  which  they  com- 
bine ;  and,  4.  What  takes  place  when  a  variety  of  he- 
terogeneous particles  are  made  to  act  upon  each  other 
at  the  same  time.  These  topics  will  form  the  subject 
.of  the  four  following  Sections. 
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OF  COMBINATION. 

II.^^HETHER  there  exists  a  reciprocal  affinity  between 
rsvery  species  of  the  particles  of  bodies,  is  a  point  which 
ccannot  easily  be  determined,  though  it  is  certainly  very 
probable  that  there  does.  But  as  the  particles  of  bodies 
Bare  usually  found  cohering  together  in  masses,  it  is  e\a- 
Ident  that  no  heterogeneous  bodies  can  combine  unless 
ttheir  affinity  for  each  other  be  stronger  than  the  cohe- 
fsive  force  which  unites  the  respective  particles  of  each. 
N^fow,  whenever  two  bodies  constantly  refvise  to  com- 
bbine,  in  whatever  situation  we  place  them,  we  say  that 
tthey  have  no  affinity  for  each  other  ;  meaning  merely, 
tthat  their  affinity  is  not  so  great  as  to  produce  combina- 
ttion.  Thus  we  say  that  there  is  no  affinity  between 
coil  and  water,  because  these  two  liquids  refuse  to  com- 
bine together  ;  yet  when  oil  is  united  with  alkali,  and 
in  the  state  of  soap,  it  dissolves  in  water  ;  a  proof  that 
♦there  does  exist  an  affinity  between  water  and  oil,  tho' 
.not  strong  enough  to  produce  combination.  We  say  al- 
rso,  that  there  is  no  affinity  between  azot  and  lime,  be- 
ccause  azotic  gas  cannot  be  combined  with  that  earth :  yet 
1  nitric  acid  dissolves  lime  readily  ;  which  shews^us  that 
rthe  refusal  of  lime  and  azotic  gas  to  combine  is  not  the 
•  consequence  of  the  want  of  an  affinity  between  these 
two  bodies,  but  of  sonie  other  cause. 
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Bbok  nr.        2.  We  may  present  a  body  to  another  with  which  it 
Bodies  to     is  Capable  of  combining  in  two  different  states  either 
ed-'^either'   insulated  or  already  combined  with  some  other  body, 
insulated      Thus  we  may  present  lime  to  nitric  acid,  either  in  the 
state  of  pure  lime,  or  combined  with  carbonic  acid,, and 
consequently  in  the  state  of  a  carbonat. 

In  the  first  case  the  affinity  is  opposed  by  the  co- 
hesion, and  combination  does  not  take'place  unless  that 
force  can  be  overcome.  Hence  the  reason  that  cortibi- 
nation  seldom  succeeds  well,  unless  some  of  the  bodies 
to  be  .combined  be  fluid,  or  be  assisted  by  heat,  which 
has  the  property  of  diminishing  the  force  of  cohesioa. 
Indeed  there  are  not  wanting  numerous  instances  of 
solid  bodies  combining  together  without  the  assistance 
of  heat ;  but  they  are  always  bodies  which  have  the  pro- 
perty of  becoming  liquid  in  the  act  of  combination. 
Thus  common  salt  and  snow,  muriat  of  lime  and  snow, 
Sec.  combine  rapidly  when  mixed,  and  are  converted 
into  liquids. 

It  is  to  the  force  of  cohesion  that  the  difficulty  of  dis- 
solving the  diam.ond,  the  sapphyr,  and  many  other  na- 
tural bodies  is  to  be  ascribed,  though  composed  of  in- 
gredients very  readily  acted  on  by  solvents  when  their 
cohesive  force  is  sufficiently  diminished.  It  pure  alu- 
mina be  formed  into  a  paste,  and  heated  sufficiently,  it 
becomes  so  hard  that  no  acid  can  act  upon  it ;  yet  its 
nature  is  not  in  the  least  changed :  by  proper  trituration 
it  may  be  again  rendered  soluble;  and  when  precipitated 
from  this  new  solution  it  has  recovered  all  its  original 
properties.  The  effect  of  the  fire,  then,  was  merely  to 
increase  the  cohesion,  by  separating  all  the  water,  and 
allowing  the  particles  to  approach  nearer  each  other. 

3.  Even  when  the  cohesive  force  of  the  particles  to 
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}be  combined  is  not  very  great,  it  may  be  still  sufficient    Chap.  ill. 
to  prevent  combination  from  taking  place,  provided  the  " 
:ath(?r  body  can  only  approach  it  in  a  very  small  mass. 
Hence  the  reason  that  carbonic  acid  gas,  and  other  elastic 
iduids,  have  scarcely  any  action  on  the  greater  number 
>Df  bodies,  though  they  combine  with  them  readily  when 
I'the  force  of  cohesion  presents  no  opposition.   Thus  the 
?Dxygen  of  the  atmosphere  does  not  combine  with  sul- 
phur in  its  natural  state,  though  it  unites  with  it  readiiy 
nwhtn  the  sulphur  is  combined  with  hydrogen  and 
rpotass,  bodies  which  diminish  its  cohesion  very  consi- 
Iderabiy,  or  when  it  is  converted  into  its  integrant  par- 
:tic!es  by  the  action  of  heat. 

4.  In  the  second  case,  or  when  the  body  presented  to  Or  prevl- 
combined  with  another  is  already  in  combination  binedi° 
with  some  other  body,  it  does  not  altogether  leave  the 
>3ld  body  and'combine  with  the  new,  but  it  is  divided 
between  them  in  propojtion  to  the  mass  and  the  afiinity 

these  bodies.    Thus  when  lime,  already  in  com-  Andtlien 
)jination  with  phosphoric  acid,  is  presented  to  sulphuric  parted  ]jc- 
icid,  it  does  not  altogether  leave  the  phosphoric  to  com-  "^^^^^ 

'  two  acting 

)3ine  with  the  sulphuric  acid,  but  ic  divides  itself  be-  bodies. 

ween  these  two  acids,  part  combining  with  the  one 
l^tid  part  with  the  other,  according  to  the  respective 
jjuantities  of  each  of  these  acids,  and  th6  strength  of 

heir  affinity  for  the  lime.  This  .imnportant  point  has 
!)een  lately  put  in  a  very  clear  light  by  Mr  BeVthoilet. 

Chemists  had  formerly  in  a  great  meiisure  overlooked 

he  modification  produced  on  the  action  of  heterogeneous 
ijodies  on  each  other  by  the  different  proportions  of 

tich. ;  supposing  that,  in  all  cases  a  substayce  A,  which 
nas  a  stronger  affinity  for  C  than  B  has,  is  capable  of 

:aking  C  altogether  from  B,  provided  it  be  added  in 
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^Book  III.  sufficient  quantity,  how  great  soever  the  proportion  of 
B  exceeds  that  of  A.  Several  exceptions,  indeed,  had 
been  pointed  out  to  this  general  law.  Thus  Cavendish 
ascertained,  that  lime-water  is  incapable  of  depriving  k 
air  completely  of  carbonic  acid.  But  Bertholler  has  de- 
monstrated, that  this  pretended  law  never  holds  j  that 
no  substance  whatever  is  capable  of  depriving  another 
of  the  whole  of  a  third,  with  which  it  is  combined,  ex- 
cept in  particular  circumstance^,  however  strong  its 
affinity  for  that  third  may  be,  and  in  how  great  a  pro- 
portion soever  it  be  added.  Thus  no  proportion  of  lime 
whatever  is  capable  of  depriving  the  carbonat  of  potass 
of  the  whole  of  its  acid.  Neither  does  sulphuric  acid 
decompose  phosphat  of  lime  completely,  nor  ammonia 
sulphat  of  alumina,  nor  potass  sulphat  of  magnesia. 

In  short,  it  may  be  considered  as  a  general  law  in 
chemistry,  that  the  smaller  the  proportion  of  a  body  in 
combination  with  a  given  quantity  of  another  body  is, 
^  with  the  greater  energy  is  it  retained  ;  so  that  at  last 

the  force  of  its  affinity  becomes  stronger  than  any  direct 
force  that  can  be  applied  to  separate  it.   Hence  the  im- 
possibility of  depriving  sulphuric  acid  and  several  other 
bodies  completely  of  water 
Bodies  act       Berthollct  has  shown  also,  that  every  body,  how 
don      '    weak  soever  its  affinity  for  another  may  be,  is  capable 
their  mass,    of  abstracting  part  of  that  other  from  a  third,  how 
strong  soever  the  affinity  of  that  third  is,  provided  it  be 
applied  in  sufficient  quantity.    Thus  potass  is  capable 
of  abstracting  part  of  the  acid  from  sulphat  of  barytes, 
from  oxalat  of  lime,  phosphat  of  lime,  and  carbonat  of 
lime  :  soda  and  lime  abstract  part  of  the  acid  from  sul- 
phat of  potass,  and  nitric  acid  abstracts  part  of  the  base 
from  oxalat  of  lime.    Kence  it  follows  that  substances 
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,e  capatsle  of  decomposing  each  other  reciprocally,  pro-    Chap.  HI. 
nded  they  be  added  respectively  in  the  proper  quantity.        *   '  - 
indeed  this  was  known  formerly  to  be  the  case,  though 
tit  had  not  been  considered  as  a  general  law  till  Berthol- 
det  drew  the  attention  of  chemists  to  it.  Sulphuric  acid 
idecomposes  nitrat  of  potass  altogcrher  by  the  assistance 
fof  heat.  The  nitric  acid  is  driven  off,  and  there  remains 
jbehinjJ  sulphat  of  potass  with  an  excess  of  acid.  On 
tthe  other  hand,  if  nitric  acid  be  pourc-d  into  sulphat  of 
potass  in  sufficient  quantity,  it  takes  a  part  of  the  base 
tfrom  the  sulphuric  acid.  In  the  same  manner  phospho- 
rric  acid  decomposes  muriat  of  lead,  and  muriatic  acid 
on  the  other  hand  decomposes  phosphat  of  lead. 

This  reciprocal  decomposition  follows  as  a  conse- 
»quence  from  the  nature  of  affinity.  For  if  the  affinity 
of  one  particle  for  another  be  an  absolute  force  (sup- 
posing the  distance,  figure,  and  density  constant),  it  cer- 
tainly ought  to  follow  that  this  force  must  be  increased 
by  the  number  of  the  attracting  particles.  If  a  particle 
A  attract  a  particle  B  with  a  force  =  a;,  two  particl .  s  A 
concurring  together  ought  certainly  to  attract  with  a 
force  ~  2  X,  or  at  least  with  a  force  =  j/  "P^x.  Hence 
we  see  that  the  aggregate  force  of  attraction  ought  to 
increase  with  the  aggregate  number  of  particles. 

But  this  increase  is  not  sufficient  to  explain  the  cause  Decomposi- 
of  decomposition.  For  undoubtedly,  how  much  soever  pi°^g^; 
we  suppo-e  the  attraction  of  a  body  A  for  another  body 
C,  to  exceed  the  attraction  of  B  already  in  combination 
with  C,  the  addition  of  A,  in  how  large  a  quantity  so- 
ever, cannot  be  conceived  to  destroy  the  combination 
of  B- with  C,  unless  some  other  cause  intervene.  The 
attraction  between  B  and  C  cannot  be  annihilaced, 
though  it  may  be  considerably  diminished ;  it  must 


therefore  be  suflicient  to  keep  the  two  bodies  still  Ui,.  ^ 
ted,  notwithstanding  the  presence  of  A.  A,  no  doubt  J 
will  also  combine  with  C;  the  consequence  of  which 
would  be  a  new  compound,  into  which  all  the  three 
bodies  equally  enter.  This,  indeed,  must  always  happen 
when  different  bodies  are  mixed  together,  whatever  their 
affinities  for  each  other  may  be,  unless  some  force  or 
other  intervene  to  determine  the  exclusion  of  some 
particular  bodies.  Thus,  if  the  particles  A  and  C, 
(supposing  them  numerous)  have  not  only  a  strong  af- 
finity for  each  other,  but  also  a  strong  force  of  cohesion, 
which  leads  the  combined  particles  A  -f-  C  to  unite  to- 
gether and  to-  form  masses  of  sensible  magnitude,  the 

# 

particles  B  may  be  excluded  from  these  masses  either 
totally  or  partially,  according  to  their  nature,  while 
the  masses  themselves,  becoming  too  heavy  to  remain  : 
suspended  in  a  fluid,  precipitate  to  the  bottom.  Hence 
the  reason  that  barytes  precipitates  sulphuric  acid  com- 
pletely from  most  of  its  combinations,  and  that  muriatic 
acid  has  the  same  effect  upon  silver.    Again,  if  the 
particles  B  are  elastic,  the'  addition  of  A,  by  weakening 
the  force  by  which  they  are  i-etained,  conspires  with 
this  elasticity  j  the  consequence  of  which  may  be,  that  B 
may  fly  off  altogether,  and  leave  A  and  C  in  combir.avon. 
Hence  the  reason  that  sulphuric  acid  separates  carbonic 
acid  from  all  its  combinations. 

The  presence  of  an  elastic  body,  like  carbonic  acid, 
constitutes  an  exception  to  the  general  rule,  that,  other 
things  beiiig  equal,  the  affinities  of  bodies  are  as  their 
masses  :  for  the  elastic  body  making  its  escape  con- 
stantly as  it  is  disengaged,  cannot  possibly  act  by  its 
mass 

The  presence  of  an  absolutely  insoluble  body,  if 
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':here  be  any  such,  must  constitute  an  exception  to  both 
ihe  general  rules  of  Burthollet :  For  the  addition  of  a 
:Dodj  A,  which  forms  an  insoluble  compound  with  C, 
may  decompose  completely  the  compound  B  -fr  A 
tand  B  combining,  and  forming  an  insoluble  aggregate, 
must  pre.:ipltate  completely  to  the  bottom.  Hence  ba- 
rrytes  leaves  no  sensible  quantity  of  sulphuric  acid  when 
iiropt  into  a  solution  containing  that  acid;  and  muriatic 
licid  in  the  same  circumstances  leaves  no  sensible  quan- 
tity of  silver.  In  this  case,  too,  the  body  A  must  act 
;independently  of  its  mass  ;  because  separating  almost 
iinstantaneously  from  the  solution,  the  mass  of  B,  how- 
tever  great,  cannot  oppose  its  action. 

These  remarks  are  sutiicient  to  give  us  some  notion 
Dof  the  manner  in  which  bodies  combine  together.  Let 
rals  now  consider  the  proportions  in  which  they  are  ca- 
jpable  of  combining. 


SECT.  IL 

OF  SATURATION. 


The  word  SATURATION,  like  most  other  technical 
; terms  introduced  into  chemistry  b'efore  the  science  had 
iacquired  much  precision,  has  been  used  with  a  great 
(deal  oi  latitude,  being  sometimes  taken  in  one  sense  and 
^sometimes  in  an.ither.  But  in  order  to  be  understood, 
iit  is  necessary  to  use  the  word  with  some  degree  of  pre- 
'  cision :  for  that  reason  1  shall,  in  this  Section,  confine 
'  it  to  that  particular  sense  which  seems  best  adapted 

to  it. 
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Saturation 
explained. 


Consists  in 
the  balan- 
cing of  two 
forces. 


I.  If  we  make  the  attempt,  we  shall  find  that  watef 
will  not  dissolve  any  quantity  of  salt  that  we  pleascif 
At  the  temperature  of  60°,  it  dissolves  only  0.334  parti 
of  its  weight  of  salt ;  and  if  more  salt  than  this  be  add- 
ed, it  remains  in  the  water  undissolved.  When  water 
has  dissolved  as  much  salt  as  possible,  it  is  said  to  be 
saturated  with  salt.  This  sense  is  at  least  analogous  to 
the  original  meaning  of  the  word,  and  is  that  to  which 
I  mean  to  restrict  it  in  this  Section.  Whenever,  then, 
a  substance  A  refuses  to  combine  with  an  additional 
quantity  of  another  body  B,  we  may  say  that  it  is  sa- 
turated with  B.  The  cause  of  this  refusal  of  the  water 
to  dissolve  any  more  salt  has  been  indicated  in  the  pre- 
ceding Chapter.  It  takes  place  whenever  the  affinity 
of  the  water  and  salt  is  balanced  by  the  cohesion  of  the 
particles  of  the  salt,  and  therefore  indicates  that  these 
two  forces  are  equal. 

In  the  same  manner  water,  after  having  absorbed  a 
certain  quantity  of  carbonic  acid  gas,  refuses  to  absorb 
any  more.  We  may  indeed  pass  carbonic  acid  gas  thro* 
water  in  this  state,  but  it  makes  its  escape  unaltered. 
Water  which  refuses  to  absorb  carbonic  acid  gas  is  sa- 
turated with  that  acid.  This  saturation  takes  place 
when  the  affinity  between  the  gas  and  the  water  is  ba- 
lanced by  the  elasticity  of  the  gas,  and  indicates  of  course 
that  these  two  forces  are  equal. 

In  these  two  instances  the  saturation  is  occasioned  bj 
opposite  causes.  The  salt  refuses  to  dissolve  in  the 
water  when  the  cohesion  of  its  particles  equals  its  affi- 
nity for  the  water ;  the  carbonic  acid  gas,  when  the  r?- 
piihton  of  its  particles  equals  its  affinity  for  water.  In 
the  first  case,  it  is  the  attractive  force  of  cohesion  which 
opposes  farther  solution  ;  in  the  second  case,  it  is  the 
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nepulsive  force  of  elasticity.  Hence  the  different  nie- 
Jiods  which  must  be  followed  to  diminish  these  forces, 
rnd  enable  the  water  to  dissolve  a  greater  proportion  of 
these  respective  bodies.  Heat,  by  diminishing  the  force 
bf  cohesion,  enables  water  to  dissolve  a  greater  propor- 
iiion  of  saline  bodies.  Accordingly  we  find  that  in  most 
sases  hot  water  dissolves  more  salt  than  cold  water, 
^^omraon  salt  is  almost  the  only  exception  to  this  gene- 
sal  law.  On  the  other  hand,  cold,  by  diminishing  the 
llasticity,  or  at  .least  the  expansibility  of  gaseous  bodies, 
rnables  water  to  dissolve  a  greater  proportion  of  them. 
Thus  the  colder  the  water  is,  the  greater  a  proportion 
fif  carbonic  acid  is  it  capable  of  dissolving.  The  free- 
•ing  point  of  water  limits  this  increase  of  solubility, 
(•ecause  at  that  point  the  cohesive  force  of  the  parti- 
lles  of  water  becomes  so  great  as  to  cause  them  to  co- 
&ere,  to  the  exclusion  of  those  bodies  with  which  they 
were  formerly  combined.  Hence  the  reason  that  most 
iiodies  separate  from  water  when  it  freezes*  But  they 
generally  retard  the  freezing  considerably,  by  opposing 
with  all  the  strength  of  their  affinity  the  cohesion  of 
hhe  water.  The  consequence  is,  that  the  freezing  point 
if  water,  when  it  holds  bodies  in  solution,  is  lower  than 
\he.  freezing  point  of  pure  water.  A  table  of  the  freezing 
Moints  of  different  saline  solutions  would  be  a  pretty 
rccurate  indication  of  the  affinity  of  the  different  salts 
Gor  water  :  for  the  affinity  of  each  salt  is  of  course  pro- 
Kiortional  to  the  degree  of  cold  at  which  it  separates 
rrom  the  water,  that  is,  to  the  freezing  point  of  the  so- 
lution. 

•  In  this  sense  of  the  word  saturation^  which  is  certain- 
fy  the  only  one  that  it  ought  to  bear,  it  may  be  said 
ivith.  propriety  that  there  are  certain  bodies  which  can- 
VoL.  Ill,  N 
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Book  III.  not  be  saturated  by  others.  Thus  water  is  capable  of 
combining  with  any  quantity  whatever  of  sulphuric  a- 
cid,  nitric  acid,  and  alcohol ;  and  all  bodies  seem  capable 
of  combining  with  almost  any  quantity  whatever  of  ca- 
loric. Several  of  the  metals,  too,  are  capable  of  com- 
bining with  any  quantity  whatever  of  some  other  me- 
tals. In  general,  it  may  be  said  that  those  bodies  called 
solvents  are  capable  of  combining  in  any  quantity  with 
the  substances  which  they  hold  in  solution.  Thus  wa- 
ter  may  be  added  in  any  quantity,  however  great,  to 
the  acids,  and  to  the  greater  number  of  salts. 
Neutraliza-  2.  If  we  take  a  given  quantity  of  sulphuric  acid  di- 
luted with  water,  and  add  to  it  slowly  the  solution  of 
soda  by  little  at  a  time,  and  examine  the  mixture  after 
every  addition,  we  shall  find  that  for  a  considerable  time 
it  will  exhibit  the  properties  of  an  acid,  reddening  ve 
getable  blues,  and  having  a  taste  perceptibly  sour:  but 
these  acid  properties  gradually  diminish  after  every  ad 
dition  of  the  alkaline  solution,  and  at  last  disappear  al- 
together. If  we  still  continue  to  add  the  soda,  the  mix 
ture  gradually  acquires  alkaline  properties,  converting 
vegetable  blues  to  green,  and  manifesting  an  urinous 
taste.  These  properties  become  stronger  and  stronger 
the  greater  the  quantity  of  the  soda  is  which  is  added. 
Thus  it  appears  that  when  sulphuric  acid  and  soda  are 
mixed  together,  the  properties  either  of  the  one  or  the 
other  preponderate  according  to  the  proportions  of  each  ; 
but  that  there  are  certain  proportions,  according  to 
which,  when  they  are  combined,  they  mutually  destroy 
or  disguise  the  properties  of  each  other,  so  that  neither 
predominntes,  or  rather  so  that  both  disappear. 

When  substances  thus  mutually  disguise  each  others 
properties,  they  are  said  to  neutralize  one  another. 


ft 
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This  property  is  common  to  a  great  number  of  bodies  ;   ^  Chap.  IIL 
ibut  it  manifests  itself  most  strongly,  and  was  first  ob- 
■  served,  in  the  acids,  alkalies,  and  earths.    Hence  the 

salts  which  are  combinations  of  these  different  bodies 
;  received  long  ago  the  name  of  neutral  salts.  When 
I  bodies  are  combined  in  the  proportion  which  produces 
meutralization,  they  are  often  said  to  be  saturated;  but 
iin  this  case  the  term  is  used  improperly.  It  would  be 
>much  better  to  confine  the  word  saturation  to  the  mean- 
iing  assigned  to  it  in  the  beginning  of  this  Section,  and 
ttb  employ  the  term  neutralization  to  denote  the  state  in 
uvhich  the  peculiar  properties  of  the  component  parts 
rmutually  disappear;  for  very  frequently  neutralization 
;.and  saturation  by  no  means  coincide.  Thus  in  tartrite 
lof  potass  the  acid  and  alkali  neutralize  each  other  ;  yet 
iit  cannot  be  said  that  the  potass  is  saturated  ;  for  it  is 
sstill  capable  of  combining  with  more  tartarous  acid,  and 
cof  forming  super-tartrite  of  potass,  a  compound  in 
vwhich  the  ingredients  do  not  neutralize  each  other ;  for 
tthe  salt  has  manifestly  a  preponderance  of  the  proper- 
ttles  of  the  acid. 

When  two  substances  neutralize  each  other,  it  is  not  Owing  to 
eeasy  to  avoid  supposing  that  they  are  either  combined  a^^nity.^ 
[particle  to  particle,  or  nearly  so.  They  must  at  least 
bbe  combined  in  such  a  manner,  that  the  particles  of  each 
?are  distributed  everywhere  in  such  equal  proportions, 
:that  an  equal  number  of  both  is  applied  to  all  bodies  in 
which  the  compound  acts  ;  or  rather  such  a  number  of 
teach,  that  its  action  upon  all  bodies  is  exactly  equal  to 
:t;he  effect  of  the  other.  The  consequence  of  this  must 
)be,  that  both  of  them  will  act  at  the  same  time  with 
^^qual  energy  upon  every  body  which  is  exposed  to  their 
taction.  Hence,  as  far  as  their  actions  are  opposite,  they 
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will  mutually  destroy  each  other  ;  and,  as  far  as  they 
are  not  exactly  opposite,  they  will  produce  a  compound 
effect  different  from  what  would  be  produced  by  either 
singly  ;  just  as  the  mixture  of  two  rays  of  light  produ- 
ces a  colour  different  from  the  colour  produced  by  each 
separately. 

When  bodies  neutralize  each  other,  they  must  be 
considered  as  in  the  most  perfect  state  of  combination 
possible,  as  they  exactly  balance  each  other.  Conse- 
quently if  a  body  A  neutralizes  a  body  B,  the  two  arc 
united  in  such  proportions  that  the  absolute  force  of  the 
affinity  of  A  for  B  is  equal  to  that  of  B  for  A. 

3.  A  question  still  remains  to  be  resolved  concerning 
the  proportion  in  which  bodies  combine,  which  is  at- 
tended with  very  considerable  difficulty  :  Are  bodies 
capable  of  combining  with  each  other  indefinitely,  or 
do  they  only  combine  with  each  other  in  certain  deter- 
minate proportions  ?  The  observations  already  made 
may  seem  to  decide  in  favour  of  the  first  of  these  sup- 
positions ;  but  let  us  consider  the  subject  a  little  more 
precisely. 

Bodies  only  Let  US  suppose  two  bodies,  a  and  b,  to  have  an  affi- 
t^inproporT  ^^^7  ^^^^^  other.  Let  us  take  one  particle  of  a  and 
tions.  combine  it  with  as  many  particles  of  b  as  can  approach 

within  rt's  sphere  of  affinity.  It  is  clear  tliat  in  this 
case  a  is  absolutely  saturated  with  b,  and  cannot  pos- 
sibly combine  with  any  more  particles  of  that  body. 
Let  us  call  the  new  compound  a  -\-  x  b.  If  the  parti- 
cles of  b  have  a  cohesive  force,  it  is  very  possible  that 
they  may  combine  indefinitely  with  the  compound 
a  -{-  xb ;  but  this  combination  cannot  with  propriety 
be  considered  as  the  union  of  more  particles  of  b  with 
a  ;  it  would  have  taken  place  if  a.  had  not  been  present 
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;at  all,  and  must  be  ascribed  entirely  to  the  cobesion  of  ^  Chap.  IIT.^ 
tbe  particles  of  b.  Now  if,  instead  of  one  particle  of 
iwe  suppose  two  or  a  thousand,  the  case  will  remain  the 
■same.  Each  particle  maj  combine  with  as  many  par- 
tticles  of  b  as  can  come  within  the  sphere  of  its  ^ttrac- 
ition  ;  but  all  additions  of  h  beyond  that  must  be  ascri- 
sbed  entirely  to  the  cohesion  of  the  particles  of  b.  Thus 
iif  a  remains  constant,  we  see  that  it  can  only  combine 
wvith  a  finite  portion  of  b  ;  consequently  in  those  cases 
pwhere  saturation  is  impossible,  the  new  doses  of  the 
^solvent  must  be  considered  as  combining  merely  with 
:the  solvent,  and  not  with  the  body  held  in  solution. 

The  same  observation  holds,  if  we  suppose  b  con-  There  is  a 

,  T11-C  -1  maximum 

?3tant  and  rt  variable,    indeed  11  we  were  to  consider  and  mini- 
tthe  reciprocal  attractions  of  the  particles  of  both  bodies,  ^"^J^hich 
and  the  spheres  of  attraction  which  surround  every  par-  they  can- 
tticle,  it  would  be  an  extremely  difficult  matter  to  form  ^ 
isany  adequate  notion  of  the  manner  in  which  they  com- 
bine and  act  upon  each  other.    But  it  is  easy  to  see  in 
C^eneral,  that  if  the  particles  of  a  body  a  remain  con- 
stant, they  can  only  combine  with  a  limited  number  of 
particles  of  another  body  3,  because  only  a  limited 
niumber  can  come  within  the  spheres  of  their  attrac- 
ttion. 

Thus  we  see,  that,  strictly  speaking,  a  given  body  a 
ccannot  combine  with  a  body  /;  beyond  a  certain  propor- 
tion. But  is  there  a  limit  on  the  other  side  ?  Can  a  > 
fcombine  with  any  quantity  of  3,  however  small,  pro- 
wided  it  be  within  the  maximum  ?  or  is  it  necessary  that, 
^before  any  combination  can  take  place,  a  certain  defi- 
mite  proportion  of  b  must  be  present What  is  the 
•minimum  of  b  that  can  combine  with  a  given  portion 
cof  fl.? 
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It  is  evident  that  if  a  has  an  afBnity  for  b,  one  par- 
ticle of  each  must  be  capable  of  combining  together;  at 
least  nothing  can  be  conceived  to  hinder  them.  But  thii 
does  not  answer  the  question  ;  for  we  must  suppose  a 
considerable  number  of  particles  of  a  present.  Let  us 
then  make  x  a  =z  number  of  particles  of  a,  which  can 
approach  within  the  sphere  of  attraction  of  a  particle  of  b, 
and  J/  xaz=:  quantity  of  a  present ;  it  is  evident  from  what 
has  been  said  before,  that  ^  ^  is  the  minimum  which  is 
capable  of  combining  with  j/  x  a.  If  less  be  added,  part 
of  a  will  remain  combined  only  by  cohesion.  If  this  co- 
hesion does  not  exist,  then  it  is  impossible  that  a  and  h 
can  remain  in  combination  in  any  proportion  less  tha- 
y  X  a  and  y  b.  Accordingly  in  water,  where  the  con,- 
ponent  parts  are  elastic  fluids,  we  find  them  alway 
united  in  one  determinate  proportion.  In  this  con- 
pound  the  maximum  and  minimum  coincide  apparenth 
We  are  not  yet  far  enough  advanced  in  our  notions  o 
aflrinity  to  say  why.  And  in  the  metallic  oxides,  wher . 
one  of  the  component  parts  is.  an  elastic  fluid,  the  mi- 
nimum as  well  as  the  maximum  consists  of  a  precise 
proportion  of  oxygen. 

Thus  it  appears,  that  in  all  combinations  there  are 
two  precise  limits,  a  minimum  and  a  maximum,  be- 
yond which  the  component  parts  can  never  pass.  It  re- 
mains still  for  us  to  consider  whether  they  can  combine 
in  any  proportion  within  these  limits.  For  instance,  if 
the  miniiTum  of  oxygen  capable  of  combining  with 
iron  be  0.25,  and  the  maximum  c.48,  the  question  to 
be  decided  is,  Can  iron  combine  with  any  proportion 
whatever  of  oxygen  between  0.25  and  0.48  ?  or  can  it 
only  combine  with  certain  determinate  proportions, 
pugh  as  0.30  or  0.40 
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When  we  consider  the  matter  abstractedly,  we  can   Chap.  iii. 
^perceive  nothing  to  prevent  this  combination  of  bodies  Whether 
an  any  proportion  whatever  within  the  limits  of  their  binejn'lj^g. 
anaxima  and  minima  ;  tliough  it  must  be  acknowledged  nitely  with- 
ihat  it  would  be  exceedingly  difficult  to  form  any  ade-  mits. 
jquate  notion  of  the  manner  in  which  they  are  combined 
in  these  circumstances.    This  indefinite  combination 
sseems  formerly  to  have  been  considered  as  an  axiom  by 
[chemists.    It  was  abandoned,  perhaps  with  too  much 
facility,  in  consequence,  chiefly,  of  the  experiments  of 
ILavoisier  j  but  the  opinion  has  lately  been  revived  again, 
aand  supported  with  much  ingenuity  by  Berthollet.  Let 
us  consult  experience,  which  is  alone  capable  of  deciding 
the  point :  for  our  notions  of  affinity  are  still  too  im- 
jperfect  and  confused  to  warrant  any  deductions  from 
sabstract  reasoning. 

Now,  as  far  as  experience  has  gone,  substances,  if 
>we  attend  only  to  the  proportions  in  which  they  com- 
Ibine  with  each  other,  may  be  arranged  under  four 
^classes. 

1.  Some  seem  to  combine  in  any  proportion  what^ 
ever  between  "the  maxima  and  minima. 

2.  Some  combine  only  in  certain  determinate  propor- 
tions between  the  maxima  and  minima. 

3.  Some  combine  only  in  the  proportions  which  conr 
stitute  the  maxima  and  minima. 

4.  In  some  the  maximum  and  minimum  coincide, 
so  that  they  are  capable  of  combining  only  in  one  de- 
terminate proportion.  Let  us  consider  each  of  these 
classes  a  little. 

The  first  class,  strictly  speaking,  scarcely,  includes 
any  bodies  except  thoSe  which  are  incapable  of  satura- 
tion, and  which  therefore  have  a  minimum  but  no  vi- 
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sible  maximum.  Thus  water  is  capable  of  combining 
with  common  salt  in  any  proportion  whatever  beyonH 
the  minimum  capable  of  holding  the  salt  in  solution.  It 
holds  also  with  all  substances  which  are  in  solution,  and 
which  remain  in  solution,  both  at  the  maximum  and 
minimum  of  combination.  Thus  the  acids  are  capable 
of  combining  with  alkalies,  and  with  those  earths  which 
form  soluble  salts  in  any  proportion  below  saturation. 

To  the  second  class  belong  almost  all  combinations  of 
oxygen  with  other  bodies.  Thus  all  the  simple  com- 
bustibles except  hydrogen  are  always  found  combined 
with  oxygen  in  certain  determinate  proportions,  and 
can  qnly  be  combined  artificially  in  these  proportions, 
Thus  we  have 

r-  Oxide  of  sulphur, 

1.  Sulphur         ^Sulphurous  acid, 

C  Sulphuric  acid. 

r  Oxide  of  phosphorus, 

2.  Phosphorus    <  Phosphorous  acid, 

C Phosphoric  acid. 
^  Charcoal, 

3.  Carbon  ^  Oxide  of  carbon, 

C  Carbonic  acid. 

!Air, 
Oxide  of  azot. 
Nitrous  gas, 
Nitric  acid. 

With  respect  to  the  metallic  oxides,  our  knowledge  ia 
not  sufficiently  precise  to  be  able  to  decide  with  confi- 
dence. Several  of  them,  as  those  of  lead,  seem  to  be- 
long to  the  first  class  j  but  others,  as  those  of  mercury, 
belqng  pretty  evidently  to  the  second 

To  the  tbird  class  belong  several  of  tlic  metallic 
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ix'ides,  which  have  been  examined  with  the  greatest  pre-    Chap.  nr. 


rorked,  the  acid  at  first  acquires  a  deep  green  colour, 
ind  of  course  has  combined  v.'ith  a  portion  of  the  copper, 
f/hich  must  previously  have  been  converted  into  black 
>xide  i  but  in  a  few  days  it  becomes  quite  colourless, 

The  black  oxide  is  gradually  decomposed,  more  copper  is 
dissolved,  and  acid  is  found  combined,  not  with  the  black 
mt  with  the  orange  oxide.  Here  the  process  stops,  un^ 
eess  we  uncork  the  phial  for  a  few  minutes.    If  that  be 

.one,  the  solution  becomes  again  green,  and  gradually  ♦ 
coses  its  colour  as  before.  If  the  phial  be  opened  under 
ivater,  a  quantity  of  that  liquid  rushes  in  j  a  plain  proof 
ihat  part  of  the  air  of  the  phial  has  disappeared  :  and  if 
»ve  examine  that  air,  we  find  it  deprived  altogether  of 
its  oxygen.    The  nature  of  the  process  then  is  evident: 

he  copper  is  supplied  with  oxygen  from  the  aiir  in  the 
"es&el.  It  at  first  combines  vfith  it  in  that  proportion 
only  which  constitutes  black  oxide;  afterwards  this  black 
))xide,  or  rather  oxy-muriat,  combines  with  "the  precise 
wortion  of  copper  necessary  to  convert  it  to  orange 
m'ldQ  or  muriat.    If  air  be  again  presented,  the  muriat 


■ision,  as  those  of  iron,  tin,  copper,  arsenic.  In  some  of 
viem,  the  capacity  of  only  combining  in  the  maximum 
ind  minimum  proportion  is  exceedingly  well  marked, 
lius  the  red  oxide  of  iron  is  converted  by  heat  and  by 
iialphurated  hydrogen  gas  to  the  black  oxide :  if  the 
Hack  oxide  of  copper  and  nietallic  copper  be  mixed  to- 
cether  in  equal  quantities  in  muriatic  acid,  the  oxygen 
coes  not  divide  itself  among  the  whole  of  the  copper ; 
Mch  a  portion  of  the  metal  only  is  oxidated  as  with  the 
.\xygen  is  capable  of  forming  orange  oxide,  and  the  rest 
rf  the  copper  remains  unaltered.  If  copper-filings  be 
confined  with  muriatic  acid  in  a  phial  half  full  and  close 
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*        is  necessary  to  convert  it  into  muriat,  and  so  on. 

To  the  fourth  class  belongs  water^  which  cannot  bji 
any  method  known  be  combined  in  any  other  propor-t 
tion  than  0.85  oxygen  and  0.15  hydrogen.  Ammonia 
also  belongs  to  the  same  class,  for  it  is  equally  constant 
in  its  proportions*  It  is  remarkable  that  both  tha 
component  parts  of  these  two  bodies  are  elastic  fluids, 
This  elasticity  is  doubtless  the  cause  of  the  constancy 
of  the  proportions  ;  for  it  is  obvious  that  there  can  b(^ 
only  one  proportion  capable  of  holding  the  elasticity  o{ 
the  two  component  parts  in  due  balance  ;  and  if  th 
elasticity  of  either  prevail,  the  combination  cannot  ta 
place  at  all.  Substances  which  are  absolutely  insolu 
ble,  or  nearly  so,  when  combined  in  certain  proportions] 
may  also  be  considered  as  belonging  to  the  same  class 
unless  the  addition  of  either  of  the  ingredients  render; 
them  soluble.  Hence  the  reason  of  the  constancy  o: 
the  proportions  of  sulphat  of  barytes,  oxalat  of  lime, 
phosphat  of  lime,  fluat  of  lime,  &cc. 

All  compounds  belonging  to  the  second  and  third 
class  have  an  elastic  fluid  for  one  of  their  ingredient 
and  those  of  the  third  class  only  manifest  their  peculi 
constitution  when  they  are  in  combination  with  som 
other  substance.  These  observations  are  sufficient  t 
show  that  the  refusal  of  bodies  to  combine,  except  1 
their  maximum  or  minimum  proportion,  or  in  certain 
determinate  proportions  between  these  two,  is  owing 
always,  not  to  the  nature  of  affinity,  but  to  certain  pe- 
culiarities in  their  constitution  ;  and  that  when  theso 
peculiarities  are  not  present,  these  determinate  propor- 
tions are  not  observed.  But  this  peculiarity  of  consti- 
tution deserves  the  highest  attention,  as  we  are  indebt 
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.0  it  for  that  constancy  which  we  find  in  almost  all   Chap.  lH. 
ibinations,  and  for  the  permanency  of  natural  bo- 
in  the  state  in  which  they  have  originally  combi- 

iaving  thus  examined  the  proportions  in  which  bo- 
are  capable  of  combining,  let  us  now  consider  the 

leties  in  the  force  with  which  they  combine,  and  the 
Lcmpts  which  haye  been  made  to  measure  these  va- 
;ties. 


SECT.  III. 


OF  THE  STRENGTH  OF  AFFINITY. 


))INCE  the  affinity  of  almost  every  two  bodies  for  each  Importance 
ther  differs  in  strength  from  that  between  every  other  "4?^ 
iwo,  it  becomes  an  important  problem  to  deter?7nne  the 
trength  of  every  affinity  in  numbers.    The  solution  of 
nis  problem  would  give  a  clearness  and  precision  to 
hemistry  equal  to  that  of  any  other  branch  of  .natural 
hilosophy  whatever,  and  enable  it  to  advance  with  a 
egree  of  rapidity  hitherto  thought  unattainable.  No 
fT^onder,  then,  that  this  problem  hars  occupied  the  at- 
eention  of  some  of  the  most  eminent  philosophers  who 
nave  dedicated  their  time  to  chemistry.    Let  us  consi- 
fer  the  different  attempts  which  have  been  made  to  re- 
)Dlve  it,  that  we  may  see  whether  any  of  them  will  an- 
wer  the  end  proposed. 

Wenzel  supposed  that  the  time  taken  by  one  body  Solution 
CO  dissolve  another  is  a  measure  of  the  affinity  which  by  Wcnzcl, 
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Book  III,  subsists  between  them.  But  the  hypothesis  of  that  ia| 
genious  philosopher  will  not  bear  the  test  of  examin«S> 
tion  ;  for  the  time  of  solution  evidently  depends  upon 
circumstances  unconnected  with  affinity.  The  cohesio# 
of  the  body  to  be  dissolved,  and  the  nature  of  the  coml 
pound  formed,  must  occasion  very  great  differences  iq 
the  time  of  solution  of  different  bodies,  even  on  the' 
supposition  that  their  affinities  were  all  the  same. 

By  Four.  Fourcroy  proposed  to  measure  the  affinity  cf  bodie» 
by  the  difficulty  of  separating  them  after  they  are  com 
bined  :  but  we  have  no  method  of  measuring  this  dif. 
ficulty.  Lavoisier  and  De  la  Place,  indeed,  propos 
caloric  for  this  purpose  ;  but  there  are  many  com- 
pounds which  caloric  cannot  separate,  and  it  never  pro- 
duces a  separation  except  by  means  of  its  affinity  for ! 
one  or  other  of  the  ingredients  of  the  compound.  Be- 
fore caloric,  therefore,  could  be  employed  as  a  measure, 
it  would  be  necessary  to  know  exactly  the  strength  of 
its  own  affinity  for  every  other  substance  j  which  is 
just  a  case  of  thp  problem  to  be  resolved, 

quer^^*^"  Macquer  supposed  that  the  affinity  of  bodies  for  on 
another  was  in  the  compound  ratio  of  the  facility  o 
their  union,  and  the  difficulty  of  their  separation.  But 
as  we  are  in  possession  of  no  method  of  ascertaining  c  i 
ther  of  these,  it  is  evident  that  this  theory,  even  allow 
ing  it  to  be  just  (which  it  certainly  is  not),  could  be 
of  no  use  for  assisting  us  to  calculate  the  force  of  affi 
nities. 

By  Mor-      Another  method  has  been  proposed  by  the  distin 
guished  philosophical  chemist  Mr  de  Morveau  *. 


vcau. 


*  Now  Mr  Guyton.  We  have  used  the  old  name  all  along  in  the  text 
to  avoid  ambiguity. 
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.a  1713,  Dr  Brook  Taylor  made  some  experiments 
the  adhesion  of  surfaces  ;  and  concluded  from  them, 
.  the  force  of  adhesion  might  be  determined  bj  the 
.  ight  necessary  to  produce  a  separation.  But  in  1772, 
cessrs  La  Grange  and  Cigna,  observing  that  the  sur- 
:ces  of  water  and  oil  adhere  together,  and  taking  it 
rr  granted  that  these  two  liquids  repel  each  other, 
i  ncluded,  in  consequence,  that  their  adhesion  was  not 
mng  to  atractiott  ;  and  hence  inferred,  that  adhesion^ 
general)  is  always  owing  to  the  pressure  of  the  at- 
i  Ofiphere.    This  conclusion  induced  Morveau  to  exa- 
:  ine  the  subject :  he  found^  that  adhesion  was  not  af- 
cted  by  the  pressure  of  the  atmosphere  ;  for  it  requi- 
.  d  the  same  weight  to  separate  a  disk  of  glass  (30  lines 
.  diameter)  from  the  surface  of  mercury  in  the  open 
rr,  and  under  an  exhausted  receiver.    He  observed 
iiat  the  same  disk  adhered  to  water  with  a  force  of  258 
.•ains,  and  to  t:he  solution  of  potass,  though  denser, 
uly  witli  a  force  of  210.   This  result  not  only  proved 
..at  adhesion  was  owing  to  attraction,  but  made  him 
unceive  the  possibility  of  applying  this  method  to  the 
idculation  of  affinities  :  For  the  force  of  adhesion  be- 
i,g  necessarily  proportional  to  the  points  of  contact, 
lid  this  being  the  case  also  with  affinity,  it  is-  evident, 
i.  at  the  adhesion  and  the  affinity  between  the  same  sub- 
sances  are  proportional,  and  that  therefore  the  know- 
( dge  of  the  one  would  furnish  us  wjth  the  ratio  of  the 
::her. 

Struck  with  this  idea,  he^  constructed  cylinders  of 
afferent  metals,  perfectly  round,  an  inch  in  diameter 
lad  the  same  in  thickness,  and  having  a  small  ring  in 
I'leir  upper  surface,  by  which  tliLj'  might  be  hung  ex- 
:ctly  in  equilibrium.    He  suspended  these  cylinders, 
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Book  III.  one  after  another,  to  the  beam  of  a  balance ;  and  after 
counterpoising  them  exactly,  applied  them  to  a  quandi 
ty  of  mercury  placed  about  two  lines  below  them,  mai 
king  them  slide  along  its  surface,  to  prevent  any  ait 
from  lodging  between  them  and  the  mercury.  He  th^j 
marked  exactly  the  weight  necessary  to  overcome  theil 
adhesion,  taking  care  to  change  the  mercury  after  e 
ry  experiment.  The  Table  of  the  results  is  as  f( 
lows  : 

Gold  adheres  to  mercury  with  a  force  of  446  gr.  f 

Silver  429 

Tin  418 

Lead  ,   397 

Bismuth  372 

Platinum  ...  *  282* 

Zinc   .  .  4  204 

Copper  .  142 

Antimony  126 

Iron  115 

Cobalt   8 

The  differences  of  these  results  cannot  be  owing  t 
the  pressure  of  the  air,  which  was  the  same  in  all ;  no 
do  they  correspond  to  the  densities  of  the  metals  ;  no: 
can  they  be  owing  to  accidental  differences  in  the  p 
lish  of  the  cylinders,  for  a  plate  of  rough  iron  adhere: 
more  strongly  to  mercury  than  one  of  the  same  diame- 
ter exquisitely  polished  ;  but  they  follow  precisely  the 
order  of  affinity,  and  therefore  may  be  considered  as  the 
measure  of  the  strength  of  the  affinity  between  these  j 
different  metals  and  mercury.  They  furnish  us  also™ 
■with  a  convincing  proof  that  affinity  is  attraction^  and 


*  Morvcau,  Ann.  dc  Ch'm.  xxv.  10. 
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same  species  of  attraction  with  adhesion  ;  and  that    Chap.  III. 
refore,  if  the  one  be  reducible  to  gravitation,  so  must 
other. 

Afr  Achard,  convinced  of  the  importance  of  Mr  Mor- 
n's obser^'-ations,  made  a  great  many  experiments  on 
csiony  and  published  the  result  of  them  in  1780.  He 

jved  that  the  force  of  adhesion  is  not  affected  by 
tterations  in  the  height  of  the  barometer,  but  that  its 
rrce  becomes  weaker  as  the  heat  of  the  fluid  increased*} 
lad  that  the  temperature  remaining  the  same,  the  force 
.•  adhtsion  increases  in  the  same  ratio  with  the  surfa- 
>is  of  the  adhering  bodies.  He  made  about  600  expe- 
rments  on  the  adhesion  of  different  solids  and  fluids ; 
roved  that  the  force  of  adhesion  did  not  depend  on  the 
r;nsities  of  the  adhering  bodies,  nor  on  the  different  co- 
f;sive  force  of  the  fluids  ;  and,  after  a  laborious  calcu- 
ttion,  concluded,  that  it  depended  on  the  figure  of  the 
larticles  of  the  adhering  fluid  and  solid. 

This  method  of  measuring  the  force  of  affinities  seems 
))  be  an  accurate  one,  and  if  it  could  be  applied  to  eve- 

case  of  affinity,  would,  in  all  probability,  enable  us 
))  solve  the  problem  which  we  are  now  considering : 
ilut  unfortunately  its  application  is  very  limited,  being- 
confined  to  those  cases  alone  in  which  one  of  the  bodies 
aan  be  presented  in  a  fluid  and  the  other  in  a  solid  state. 
Aov  can  it  be  applied  indiscriminately  to  all  those  cases; 
:ox  whenever  the  cohesion  of  any  liquid  is  much  infe- 
iior  to  the  force  of  its  adhesion  to  any  solid,  the  sepa- 
sation  takes  place  in  the  particles  of  the  liquid  itself, 
li'.nd  consequently  we  do  not  obtain  the  measure  of  its 


*  Strictly  speaking,  this  is  owing  not  »o  much  to  a  decrease  of  the 
cbrcc  of  adhesion,  as  that  of  the  cohesion  of  the  fluid  itself. 
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adhesion  to  the  solid,  but  of  its  own  cohesion,  and  that 
too  imperfectly.  Thus,  for  instance,  Mr  Achard  foundj 
that  sealing-wax  adhered  to  water  with  a  force  of 
grains,  and  to  alcohol  only  with  a  force  of  53:,:ths  ;  y«i 
we  know  that  sealing-wax  has  a  greater  affinity  for  a1 
oohol  than  for  water:  because  alcohol  dissolves  it,  which 
water  is  incapable  of  doing.    The  difFerence  in  the  rei 
suit  in  this  instance  was  evidently  owing  to  the  smaller 
cohesion  of  alcohol.  Mr  Morveau's  method  must  thereJ 
fore  be  confined  to  those  cases  in  which  the  cohesion  of 
the  liquid  is  stronger  than  its  adhesion  to  the  solid, 
which  may  be  known  by  the  surface  of  the  solid  not 
being  moistened,  and  to  those  in  which  the  cohesion  is 
not  much  inferior  to  the  adhesion  ;  for  then  it  is  evi- 
dent that  the  force  of  cohesion  will  be  increased  as  the 
force  of  adhesion.    Let  us  suppose,  for  instance,  that 
two  solids,  A  and  B,  are  made  to  adhere  to  the  surface 
of  a  liquid,  and  that  A  can  only  form  an  adhesion  with 
50  particles  of  the  liquid,  whilst  B  adheres  to  100  ;  it 
is  evident  that  a  much  smaller  force  will  destroy  the 
cohesion  of  the  50  particles  to  which  A  adheres  with 
the  rest  of  the  liquid,  than  what  will  be  required  t: 
destroy  the  cohesion  of  the  too  particles  united  to  V. 
with  the'  same  liquid  *. 

The  method  of  Mr  Morveau,  then,  may  be  applied 
with  accuracy  in  both  cases ;  and  when  they  occur  can 
only  be  determined  by  experiment.  It  cannot,  how- 
ever, be  applied  indiscriminately  even  then  ;  for  unless 
the  solid  and  the  fluid  be  presented  in  such  a  state  that 
no  gas  Is  extricated  when  the  adhesion  takes  place,  an 
accurate  judgment  cannot  be  formed  of  the  force  of  ad- 


♦  Morveau,  En.'\c,  Mdhod.  Ch'im,  art.  AJhetkn. 
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sion.   When  marble  (carbonat  of  lime),  for  instance,     Chap.  III. 

applied  to  the  surface  of  sulphuric  acid,  there  is  an 
■.trication  of  gas,  which  very  soon  destroys  the  adhe-  ■ 
jn,  and  prevents  an  accurate  result.    Were  it  pos- 
).ile  to  employ  quicklime  instead  of  marble,  this  would 

prevented  ;  or  if  this  cannot  be  accomplished,  why 
light  not  lime  be  employed,  united  with  some  acid  that 
rould  not  assume  a  gaseous  form,  and  at  the  same  time 
ss  a  weaker  affinity  than  sulphuric  acid  for  lime?  Why 
•  ight  not  the  phosphat  of  lime,  for  instance,  be  used, 
aich  may  be  reduced  to  a  state  of  hardness  sufficiently 
eeat  for  the  purpose  ?  The  extrication  of  gas,  during 
:  e  application  of  metals  to  the  surfaces  of  acids,  might 
;  prevented  by  oxidating  their  surfaces.  It  is  true, 
:deed,  this  could  not  be  done  with  all  the  metals,  on 
tcouwt  of  the  nature  of  the  oxide,  but  it  might  with 
weral  5  copper,  for  instance,  and  silver*  It  cannot  be 
I'jubted,  that  by  these  methods,  and  other  contrivances 
;  at  might  be  fallen  upon,  a  sufficient  number  of  results 
light  be  obtained  to  render  this  method  of  the  greatest 
iiportance.  It  is  rather  surprising,  therefore,  that  it 
liS  never  been  prosecuted. 

Mr  Kirwan  has  proposed  another  mfethod  of  solving  ByKirwan. 
le  problem.  While  he  was  engaged  in  his  experiments 
11  the  strength  of  acids,  he  observed  that  the  quantity 

real  acid  necessary  to  saturate  a  given  quantity  of 
(.ch  of  the  bases  was  inversely  as  the  affinity  between 
ue  respective  bases  and  the  acid  ;  and  that  the  quan- 
tty  of  each  of  the  bases  necessary  to  saturate  a  given 
laantity  of  acid  was  directly  as  the  affijiity  between  the 
iise  and  the  acid.  Thus  100  grains  of  each  of  the 
:;ids  require  more  alkali  for  saturation  than  lime,  and 

Vol.  III.  O 
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Book  nr.    j^^j-g  jj^g  j^^jjj^  magnesia,  as  may  be  seen  in  the  follow4 
ing  Table  : 

100  Grains  of  Potass.  Soda.  Lime.  Amm.  Mag.  Alun 
Sulphuric  acid  215  165  110  90  80  75 
Nitric  acid  215  165  96  87  75  63 
Muriatic  acid      215      158        89       79       71      5  5 

i 

He  concluded,  therefore,  that  the  affinity  betweei 
acids  and  their  bases  may  be  estimated  by  the  quantit 
of  bases  necessary  for  saturation.  Thus  the  affinity  be 
tween  potass  and  sulphuric  acid  is  215,  and  that  be 
tween  nitric  acid  and  lime  96*. 

Bergman  long  ago  established  as  a  principle,  undej 
the  name  of  a  chemical  paradox,  that  the  stronger  anjk 
salt  waSf  the  less  of  any  other  it  required  for  saturation 
Thus,  according  to  him, 

100  parts  of  potass  require  78.5  Sulphuric  acid 

64  Nitric 
51.5  Muriatic 
42  Carbonic 

100  parts  of  soda   177  Sulphuric 

^  ■  5.5  Nitric 
125  Muriatic 
80  Carbonic 
This  proposition,  which  has  been  admirably  illustra 
ted  by  Morveau  f,  evidently  resolves  itself  into  the  twi 
following : 

1.  A  ba.fe  requires  the  more  of  an  acid  for  saturatioi 
the  stronger  its  affinity  for  that  acid  is. 


•  Phil.  Trans.  1783. 

j-  Encyc,  Method.  Chim.  1.597. 
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2.  An  acid  requires  the  more  of  anj  base  for  satura-  ^Chap.iir.^ 
ion  the  greater  affinity  it  has  for  that  base. 

This  axiom  of  Bergman  coincides  exactly  with  the 
Ifbservations  of  Mr  Kirwan ;  but  as  it  is  merely  empy- 
iical,  and  as  it  is  often  contradicted  by  the  latest  expe- 
iiments  on  the  analysis  of  salts  published  by  Kirwan,  it 
:/ill  be  necessary  to  suspend  our  judgment  till  these 
malytical  methods  are  brought  to  such  a  degree  of  per- 
fection as  to  decide  the  point. 

BerthoUet  has  lately  proposed  another  method  of  es-  ByBerthol- 
imating  the  strength  of  affinity,  founded  on  the  prin- 
iples  which  he  himself  first  developed.    This  method 
ives  results  which  deviate  if  possible  still  more  wide- 
st from  the  received  order  of  affinities  than  the  axiom, 
if  Bergman  and  Kirwan ;  but  as  he  has  given  sufficient 
;easons  to  convince  us  that  the  received  order  of  affini- 
lcs  is  often  erroneous,  it  will  be  worth  while  to  take 
view  of  his  method,  in  order  to  discover  what  new 
ight  it  will  give  us  to  develope  the  still  unknown 
nws  of  the  variations  of  affinity. 

As  the  affinities  of  bodies  vary  with  their  mass,  it  is 
bbvious  that,  when  we  consider  the  affinities  of  bodies, 
re  must  suppose  them  always  acting  in  certain  deter- 
linate  proportions.    Now  it  has  been  observed  for- 
uerly,  that  there  are  certain  proportions  in  which  bo- 
ies  neutralize  each  other  ;  and  there  is  reason  to  be- 
eve  that  in  these  proportions  the  affinity  exerted  by 
ach  of  the  component  parts  is  precisely  of  the  same 
Dree.    Now  if  we  suppose  that  the  affinity  of  a  given 
lass  of  a  given  body  is  a  constant  quantity,  which  is  at 
aast  highly  probable  ;  if  we  suppose  farther,  that  the 
ffinity  of  a  body  is  the  sum  of  the  attractions  of  all  its 
.•articles,  and  consequently  that  when  various  bodies  of 

O  z 
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Book  III.  difFercnt  masses  exert  the  same  affinity,  the  absolute  affi- 
nitj  of  each  body  is  inversely  as  its  mass — wc  have  a 
•method  of  ascertaining  the  proportional  affinities  of  va- 
rious bodies  for  a  body  A  ;  for  the  affinity  of  each  bo- 
dy  must  be  inversely  as  the  mass  of  each  body  capable 
of  neutralizing  a  given  quantity  of  A.  Let  it  be  sup- 
posed  required  to  find  the  proportional  affinity  of  the 
three  bodies  and  d  for  A.  If  to  neutralize  a  gi- 
ven Vi^eight  of  An  I,  there  be  required  of 
h  2l  weight  =  I 

C  =  2 

d  —  ^ 

Then  the  affinities  of  h,  c,  and  d  for  A  are  respectively 
as  the  inverse  of  the  numbers  1,2,  and  3. 

Affinity  of  ^  =  i  or  6 
c  =  4.  or  3 
d  —  \  or  ^ 

Such  is  the  method  pointed  out  by  Berthollet,  or  at 
least  the  method  which  follows  as  a  consequence  from 
his  observations.  Let  us  compare  it  with  the  late  ex- 
periments of  Kirwan,  which  may  be  considered  as  the 
most  accurate  determinations  of  the  proportions  of  acid 
and  alkali  which  neutralize  each  other.  These  Tabi 
are  the  following  : 

They  give  us  the  affinities  of  the  different  bases 
sulphuric,  nitric,  muriatic,  and  carbonic  acids,  in  the 
following  order  and  intensity. 


3LM 

for^ 


M  >  CO  O  »^  O 

►r.  tl.  c  pj  <T>  tu 

ST  3  ^  cr  ri^  cr 

OP  o  o 

•  .  Si  !=•  5S 

•  .  O  rr  D'  r» 

•  .  o  •  o 

,  .       g            g  5  «  3      2  o  ft  3     5»  a-  a.  g  ►ti 

•  •  •  s.    •  •  •  5     5.'  •   •  3  S  .  cr.     .  •  •  S 

•  ■•&3««»«|;2>'&3««.  Was  fjco 

*'**'''*• '  Oj.  ••••••• 

 O  


CO 


"-t  "-n  VO  OOVO  wow 


On 

Oq  00 

3 

n 


CO  to 


0\  K> 


-f^  00 

00 


OO'-n 
ON  00 


CN'^  Oo-CVO^-aO   0\Mt>J-f»    O\O0  >-ri 


Oo  O-i  4k,  Oj 

^  O  o 


O  tJ 


OOC>J 
4^ 


0\ 
ON 


to  O       O  Oo 

•        «         •        •  • 

O  -4^ 

l-n  to 


to 


OO 


N  to 


On 

-ti.  On  0\ 


ON 


OO  Oj 

V.^  00 


o 
"1 


.  + 


VO 

to 


O 

o 

o 
z 

M 

54 

H 


> 


> 
w 

o 


Co 

& 


o 
r> 
») 

rr 

Cu 

o 

o 

.  o 


I— '  y  ^ . 

N 

n> 


-1  w 

.    -  I—  •  r* 


3 


v4  Ox  a.  a, 

1  "3 


n  o 

cfq'Orq" 
3  3 


cn 

S  q 


^  ?i 

'I    CO    c    C  C 

3  3  w 

I— r     I—  .  .  .  . 

o  o 

-1  -i 


N 

OO  n 


o 
o 

o 


N 

n 
CU 


n 

a- 


n 
cu 


q  Orq  Orq 
n  3  a 

2  n  n 

&> 


a 


S  q 
C2 


cn 
N 

a. 


CO 
rl- 
til 


•H 
o 


CTC? 
to 

HI 

to 


O. 


I 


c 

• 

iu 
<->■ 

O 


g  K  a.  w     cr     w  g 


firq 
3 


n 


»3  U 


3 
a 


3 

3 
o 

3 


i-l  u 

S>  CO 


"I 

09 


^.  o  o 

rj 

O    *^  CO 


CO 


b  '   *   '   i*  '  ' 


Cm  4^ 


to  (»  CM  Vyi  M 
K)    0\  ^ 


4s.  4i.  Oi 
N    O  — 


4^       M  K>  to  4^ 


4^  ou 


Oi     i-<  w  -i^ 


00 


O 

c 

CD 


-1^  -J 


OO 


00 
00 


n 


to  N 


OJ  4^  N    —  0.1   >-  to 

Ji.00*     »>»•     OstO*     •     •  biOtoiiO 

•       •  a  •*  ••••• 

 '20 

 g  3 

 o  2. 

s.  cr, 

 Co 

O  3 


O 

o 

•c 
o 
Z 
n 
z 

Ml 

> 


CO 
3 

CO 

>^  • 


CO 

O  0) 


•J 


-1 


^  3 

1—  rt 

O-  (Tl 
•  Oi 


C  1 

I— •  CO  n> 


n  00  CO 
D.  O  O 
•       o  O 


n 
-t 

CO 

rr 
B) 

N 

n 


-1  C  C2 
n'  n'  n* 

"  CL  a. 


3 

rt 
a. 


00 

n'  n' 
a.  Oi 

o  o 


3 


H 

W 


O 
rt. 


AFFINITY. 


I.  Sulphuric  Acid. 


Intensity. 

Ammonia  .  . 

•  • 

Magnesia  .  . 

.  ,  171 

•  • 

.  .  127 

,   .  82 

Strontian  .  . 

.  .  72 

•  •  50 

11.  Nitric  Acid. 

Intensity. 

Ammonia  .  . 

Magnesia  .  . 

.  .  209 

•  • 

•  •  136 

.  .  85 

Strontian  .  . 

.  .  85 

.  .  56 

III.  Muriatic  Acid. 

Intensity. 


Ammonia 
Magnesia 
Lime  .  . 
Soda  .  . 
Potass  .  . 
Strontian 
Barytes  . 


171 
1 1 1 
84 

73 

46 
31 


IV.  Carbonic  Acid. 

Intensity. 


Ammonia 
Magnesia 
Lime  .  . 
Soda  .  . 
Potass  .  . 
Strontian 
Barytes  . 


200 
8r 

66 

43 
28 


The  order  and  intensity  of  these  four  acids  for  the 
ssame  bases  may  be  seen  from  the  following  .Table  : 

Acids.     Potass.  Soda.  Amm.  JBarj-^t.  Stront.  Lime.  Magn. 

?Muriatic  177  136  58  314  216  118  80 

Sulphuric  I2£  78  26  200  131       69  57 

INitric      117  73  40  178  116       50  47 

•Carbonic    95  149  35  231  122  50 

In  these  Tables  we  see  that  the  affinities  follow  the 
same  order,  except  in  the  case  of  carbonic  acid,  from 
tthe  nature  of  which  it  is  not  so  easy  to  determine  in 
^what  proportion  it  combines  with  the  various  bases  as 
iit  is  to  determine  the  same  thing  with  regard  to  the 
mother  acids.  O  3 


Chap.  III. 

Tables  of 
real  affini- 
ties. 
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^^ookm^      In  the  first  set  of  tables,  we  see  that  the  bases  folio ,. 

precisely  the  inverse  order  of  what  is  commonly  sup. 
posed  to  be  their  affinities,  and  which  have  been  given 
from  Bergman  in  the  preceding  part  of  this  Work. 
Ammonia  has  the  strongest  affinity  for  the  acids,  and 
barytes  the  weakest.  This  is  contrary  to  the  order  in 
which  these  substances  decompose,  or  rather  precipitate 
each  other.  Consequently  if  it  be  the  real  order  of  the 
affinities  of  the  bases  for  the  acids,  decomposition  mu  t 
be  determined  by  something  else  than  the  force  of  af, 
-  finity. 

"WTiy  the  If  we  consider  the  matter  with  attention,  it  will  not 
finttyan/of  difficult  to  scc  the  reason  why  the  order  of  affinity 
decomposi-  decomposition  is  different :  Ammonia  is  an  elas- 

tioii  may  be  . 

different.  tic  fluid,  of  course  it  makes  its  escape  as  soon  as  it  is 
disengaged  ;  and  its  elasticity  conspires  to  render  its  dis- 
engagement more  easy.  Hence  any  substance,  how 
weak  soever  its  affinity  is,  may  be  capable  of  disenga- 
ging it  from  its  combination,  provided  it  be  added  in 
sufficient  quantity  and  the  decomposition  be  assisted  by 
heat.  The  disengagement  of  ammonia  then  by  the  other 
bases  is  no  sufficient  proof  that  its  affinity  is  inferior  to 
them. 

Magnesia  forms  with  sulphuric  acid  a  very  sGlub^ 
compound ;  hence  the  reason  that  sulphuric  acid  is  se- 
parated from  it  by  barytes,  strontian,  lime,  and  potas 
These  bodies  form  salts  scarcely  soluble,  and  therefor 
the  attraction  of  cohesion  enables  them  to  abstract  the 
acid,  notwithstanding  the  inferiority  of  their  affinir^ 
Magnesia,  too,  has  a  strong  tendency  to  cohere  togethei 
in  visible  masses.  This  cohesive  tendency  is  sufficient  to 
pnable  soda  to  displace  it  from  sulphuric  acid. 

This  tendency  to  cohesion  may  be  the  reason  wh} 
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le  is  precipitated  from  its  solution  in  acids  In  several    Chap.  iii. 
ranees  by  potass  and  soda    The  superiority  of  potass        *  ~' 
soda  has  been  determined  merely  on  account  of 
;le  greater  insolubility  of  most  of  the  salts  of  potass. 
The  same  thing  has  occasioned  the  supposed  superiority 
if  barytes  over  strontian. 

But  it  would  be  tedious  to  examine  all  the  different 
iiks  particularly.  The  causes  of  their  decomposition,  even 
[in  the  supposition  that  their  real  affinities  are  as  in  the 
oove  iables,  will  easily  suggest  themselves,  at  least 
fter  the  perusal  of  the  next  Section. 

With  respect  to  the  affinity  of  the  acids  for  the  re- 
•oective  bases,  they  follow  the  order  which  has  long 
:een  recognized  in  the  metallic  salts ;  muriatic  acid 
rrst,  then  the  sulphuric,  and  the  nitric  in  the  third 
llace.  The  carbonic  acid  ought  not  to  be  taken  into 
:Dnsideration,  because  the  composition  of  the  salts,  into 
rhich  it  enters,  must  still  be  considered  as  very  imper- 
liXtly  determined.  The  reason  why  muriatic  acid  has 
Esen  supposed  to  have  a  weaker  affinity  for  the  alkalies 
xid  earths  than  sulphuric  acid  is,  that  its  salts  are  much 
more  soluble  than  those  into  which  sulphuric  acid.en- 
trs. 

Upon  the  whole,  then,  we  may  consider  it  as  exceed- 
Mgly  probable  that  the  real  order  of  affinities  does  not 
fsviate  far  from  that  given  in  the  above  I'ables.  The 
K.ethod  pointed  out  by  Berthollet,  for  determining  the 
'.rength  of  affinities,  therefore,  will  probably  lead  to 
consequences  of  the  greatest  importance.  It  will  oblige 
hemists  to  attend  more  closely  to  the  reciprocal  ac- 
lon  of  bodies  on  each  other,  and  the  result  must  be 
-ne  discovery  of  several  general  laws,  which  will  greatly 
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facilitate  the  acquisition  and  the  advancement  of  thi 
science.  Even  already  some  of  these  have  been  ]ai< 
open  by  Berthollet,  as  vi^e  shall  see  in  the  next  Section, 
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Although  every  chemical  combination  is  produce« 
by  the  same  general  lavi^,  yet  as  their  phenomena  vai 
somewhat  according  to  circumstances,  affinities  havi 
for  the  sake  of  greater  perspicuity,  been  divided  int 
classes.  These  classes  may  be  reduced  to  two,  namely 
simple  affinity  and  compound  affinity. 
Simple  af'  The  Jirst  class  comprehends  all  those  cases  in  whic 
^^J'  only  two  bodies  combine  together ;  as,  for  instance,  su 
phuric  acid  and  potass,  oxygen  and  carbon.  The  afi 
nities  which  belong  to  this  class  are  known  by  the  nam 
of  simple  or  single  affinities.  Although  one  of  the  sub 
stances  to  be  combined  happens  to  be  already  unite 
with  another  body,  the  combination  is  still  reckoned 
case  of  single  affinity.  Thus  suppose  the  sulphuric  aci 
previously  combined  with  magnesia,  and  forming  wit 
it  the  salt  called  sulphat  of  magnesia,  as  soon  as  pot 
is  presented,  the  acid  leaves  the  earth  (which  is  pred 
pitated)  and  unites  with  the  alkali.  Even  when  thre 
bodies  combine,  it  often  happens  that  the  union  is  pr 
duced  merely  by  single  affinity.  Thus,  when  some  pot 
ass  is  dropped  into  tartarous  acid,  part  of  the  acid  unit< 
with  the  alkali,  and  forms  tartrite  of  potass ;  after  thi 
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he  remainder  of  the  acid  combines  with  the  tavtritc  _  Chap.  IIL 
ust  formed,  and  composes  a  new  salt  known  by  the 
lame  of  supet-tartrite  of  potass y  or  tartar.   This  is 
vidently  nothing  else  than  two  instances  of  simple  afli- 
liry  immediately  following  each  other. 

Wh&n  more  than  three  bodies  are  mixed,  decomposi-  Compo-and 
aons  and  new  combinations  often  take  place,  which 
vould  not  have  been  produced  had  the  bodies  been  pre- 
rented  in  a  separate  state.    If,  for  instance,  into  a  solu- 
ion  of  sulphat  of  ammonia  there  be  poured  nitric 
..cid,  no  decomposition  is  produced,  because  the  sulr 
hhuric  acid  has  a  stronger  affinity  for  ammonia  than 
■litric  acid  has.    But  if  nitrat  of  potass  be  poured  in, 
ive  obtain  by  evaporation  two  new  bodies,  sulphat  of 
botass  and  ait  rat  of  ammonia.    Such  cases  of  decorapo- 
iiition  form  the  second  class  of  affinities.    They  were 
,:alled  by  Bergman  cases  of  double  elective  attraction  ; 
I  name  which  is  exceedingly  proper  when  there  are  only 
cour  bodies  concerned.    But  as  there  are  often  more 
,:han  four,  it  is  necessary,  as  Mr  Morveau  has  observed, 
to  employ  some  more  comprehensive  term.  The  phrase 
'.compound  affinity  may  be  employed  with  propriety, 
om.prehending  under  the  term  all  cases  where  more 
tthan  three  bodies  are  present,  and  produce  combina- 
ttions  which  would  not  have  been  formed  without  their 
Lunited  action.    In  these  cases  the  affinity  of  all  the  va- 
r  rious  bodies  for  each  other  acts,  and  the  resulting  com. 
bination  has  been  supposed  to  be  produced  by  the  ac- 
ttion  of  those  affinities  which  are  .strongest. 

The  manner  in  which  these  combinations  and  de- 
ccompositions  take  place,  was  thus  explained  by  Dr 
IBlack.  Let  the  affinity  between  potass  and  sulphuric  acid 
kbe  =  62  i  that  between  nitric  acid  and  ammonia  =;  38  j 
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f  Book  III.  t}iat  between  the  same  acid  and  potass  r=  50  ;  and  that 
between  the  sulphuric  acid  and  ammonia  =  46.  Now, 
let  us  suppose  that  all  these  forces  arc  placed  so  as  to 
draw  the  ends  of  two  cylinders  crossing  one  another, 
and  fixed  in  the  middle  in  this  manner, 

Potass  Nitric  acid. 


*It  is  evident,  that  as  62  and  38  =r  100  are  greater  than 
50  -f-  46  =  96,  they  would  overcome  the  other  forces 
and  shut  the  cylinders.  Just  so  the  affinity  between 
ammonia  and  nitric  acid,  together  with  that  between 
sulphuric  acid  and  potass,  overcomes  the  affinity  be- 
tween ammonia  and  sulphuric  acid,  and  that  between 
nitric  acid  and  potass,  and  produces  new  combinations. 

It  has  been  supposed  that  in  all  cases  of  compound 
affinity,  there  are  two  kinds  of  affinities  to  be  consi- 
dered;  ijt.  Those  affinities  which  tend  to  preserve  the 
old  compound,  these  Mr  Kirwan  has  called  quiescent 
affinities  ;  and  those  which  tend  to  destroy  them,  w-hich 
he  has  called  divellent  affinities. 

Thus,  in  the  instance  above  given,  the  affinity  be- 
tween ammonia  and  sulphuric  acid,  and  that  between 
nitric  acid  and  potass,  are  quiescent  affinities,  which 
endeavour  to  preserve  the  old  compound;  and  if  they 
are  strongest,  it  is  evident  that  no  new  compound  can 


r 


Affinity. 


219 


0  place.  On  the  contrary,  the  affinity  between  potass    Chap.  iii. 
sulphuric  acid,  and  that  between  nitric  acid  and 
lunonia  are  divellent  affinities ;  and  as  they  are  in  this 
se  strongest,  they  actually  destroy  the  former  combi- 
lations  and  form  new  ones. 

Bergman,  who  published  a  great  many  cases  of  com- 
i.^und  affinities,  employed  to  explain  them  a  method 
rmewhat  different  from  this.  He  would  have  repre- 
mted  the  above  case  in  the  following  manner: 

Nitrat  of  Ammonia. 


Ammonia. 


Nitric  acid. 


i^lphat  of 
immonia. 


^Nitrat 
PotasSr 


Sulph.  acid. 


Potass. 


Sulphat  of  Potass, 

At  the  four  corners  of  an  imaginary  square  are  placed 
we  four  substances,  so  that  one  acid  shall  be  diagonally 
'iposite  to  another.  On  ihe  right  and  Jeft  side  of  the 
[uare  are  placed  the  old  compounds,  each  on  the  side 
F  its  own  ingredients,  and  above  and  below  are  placed 
lie  new  compounds. 

Mr  Elliot  improved  this  method  of  Bergman,  by  ad- 
ing  numbers  expressive  of  the  affiiiity  of  fhe  various 
ibstances.  These  numbers  were  merely  arbitrary,  but 
hosen  so  as  to  answer  all  known  cases  of  decomposi- 
on.  Thus  it  was  known  that  muriat  of  barytcs  and 
larbonat  of  potass  mutually  decompose  each  other. 
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, ^  Therefore  supposing  that  the  aflinlty  between  the  mnJ 
rlatic  and  barytes  =:  36  ;  that  between  the  same  acid 
and  potass  =  32  ;  the  affinity  between  potass  and  carJ 
bonic  acid  z=  9  ;  and  that  between  the  same  acid  at 
barytes  =  14  ; — we  have  the  following  formula  of  thcii 
decomposition  ; 

Muriat  of  Potass. 


Muriat  of 
Barytes, 


Muriatic 
acid, 

36 


32  Potass 


.  X  Carbonat 
9  (45  /* of  Potass. 


Barytes,       14  Carbonic 
—  acid. 
46 


 V  

Carbonat  of  Barytes. 

Another  instance  of  decomposition  by  compoundi 
affinities. 

Sulphat  of  Lime. 
 V  

Sulph.acid,  54  Lime. 


Sulphat 
of 

Ammonia, 


46 

Ammonia,  38 
92 


44  (90 


Nitric 
acid. 


Nitrat 

of 
Lime. 


Nitrat  of  Ammonia. 
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Such  were  the  opuiions  concerning  compound  af-    Chap,  iil.^ 
lity  which  had  been  received  by  all  philosophers,  in 
isequence,  chiefly,  of  the  dissertation  published  on 
'  subject  by  Bergman,    But  the  late  experiments  of 
rthollet  have  demonstrated,  that  these  opinions  were 
many  respects  erroneous,  and  that  chemists  had  too 
rclessly  admitted  the  existence  of  these  complete  de- 
jompositions  without  sufficient  examination. 

I.  It  has  been  supposed  that  when  two  of  those  salts  Actlon'of 
Hiich  mutually  decompose  each  other  are  mi)ied  toge-  pends  on 
iier,  the  decomposition  Instantly  takes  place  in  conse-  port^jo^' 
uuence  of  the  force  of  affinities  alone,  independent  of 
he  proportions  of  the  ingredients.   Thus  when  sulphat 
if potass  and  nitrat  of  lime  are  mixed  together,  it  was 
upposed  that  the  sulphuric  acid,  if  present  in  sufficient 
quantity,  combines  with  the  whole  of  the  lime  and  dis- 
ingages  the  nitric  acid  and  the  potass,  which  also  com- 
idne  till  the  least  abundant  of  the  two  be  saturated. 
J5ut  if  this  were  the  case,  some  of  the  four  ingredients 
must  be  left  disengaged,  as  the  proportions  of  the  in- 
gredients of  the  salts  formed  by  the  four  ingredients 
lire  not  such  as  to  saturate  each  other.    According  to 
Mr  Kirwan's  experiments,  the  proportions  of  acid  and 
iilkali  in  the  four  following  salts  are  as  under : 

c  1  u  «.   f     4.     C  ■^cid  loo 
bulpnat  or  potass  \  „ 

^Potass  121.48 

,  ,  ("Acid  100 

Sulphat  of  lime     <  ,  . 

^  Lmie  70 

rAcid  .100 
Nitrat  ot  potass    <  „ 

(.Potass  1 1 7.7 

XT-         rr  CAcid  100 

Nitrat  or  lime      <  .  . 

LLime  55.7 

Now  let  sulphat  of  potass  and  nitrat  of  lime  be  mixed 
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Book  111,  togctlter ;  l^t  tlie  quantity  of  sulphat  of  potass  be  suclij 
that  the  acid  contained  in  it  amounts  to  lOo  ;  and  let 
more  than  suflicient  quantity  of  nitrat  of  lime  be  added^, 
to  saturate  the  sulphuric  acid  with  lime.  It  is  eviden^ 
that  for  that  purpose  70  of  lime  must  be  present*,  and 
,  the  quantity  of  nitric  acid  combined  with  these  70  must 
be  123.8.  This  quantity  would  require  for  saturation 
145.7  potass,  but  there  are  only  121.48  in  the  mix- 
ture ;  consequently  there  ought  to  exist  in  the  mixture, 
after  the  mutual  decomposition  of  the  salts,  a  quantity  of 
nitric  acid  in  a  state  of  liberty.  But  the  fact  is,  that  no 
such  excess  of  acid  exists  in  the  mixture  *.  This  is  a 
sufficient  proof  that  the  decomposition  does  not  take 
place  in  the  manner  that  has  been  supposed.  It  may  be 
said,  indeed,  that  the  composition  of  these  salts  may 
not  be  sufficiently  known  to  warrant  reasoning  from  it. 
But  be  the  proportion  of  the  ingredients  what  it  may, 
still  if  the  decomposition  were  absolute,  as  has  been 
supposed,  when  mixed  in  any  proportion  whatever,  ex- 
cept in  one,  some  of  the  ingredients  ought  to  remain 
disengaged ;  but  as  this  does  not  happen  either  in  this 
case  or  in  any  other,  we  have  a  right  to  conclude  that 
the  decomposition  is  not  what  it  has  been  considered. 

2.  When  two  saline  solutions  are  mixed  together,  ei- 
ther no  apparent  change  takes  place,. or  a  precipitate  is 
formed.    Let  us  consider  each  of  these  cases. 
■VlTien  no         When  no  precipitation  takes  place,  the  two  salts  I'.r 
takes'place    doubt  combine  together,  and  form  a  compound  consist- 
tii  -y  com-     j,-)g  of  the  two  acids  and  their  bases  ;  and  the  degree  o 
saturation  must  be  the  same  as  before  mixture,  becau^  : 
the  proportions  and  the  affinities  must  continue  the 


«  jinn,  de  Cbim.  XXV.  295, 


AFFINITfi 

;ame.  Hence  the  reason  that  in  these  cases  there  are 
dever  any  indications  of  any  one  of  the  ingredients  be- 
ing disengaged  from  the  others.  Hence  also  the  reason 
Jiat  when  two  salts  are  dissolved  in  water,  they  increase 
bhe  solubility  of  each  other.  Their  mutual  affinity  ser- 
ring  as  an  additional  counterbalance  to  tlie  cohesion  of 
•.ach.  Thus  Vauquelin  has  shewn  that  saturated  solu- 
lons  of  sulphat  of  lime,  alum,  and  sulphat  of  potass, 
-ire  capable  of  dissolving  a  greater  proportion  of  com- 
mon salt  than  pure  water  is  *. 

3.  When  two  salts  may  be  mixed  together  without  The  pred- 
my  precipitation  taking  place,  it  is  a  proof  that  all  the       of '^thc 
jalta  capable  of  being  formed  by  the  component  parts  J^yeg^ijj^ 
3f  each  are  soluble.   Hence  the  alkaline  salts  very  rare- 
vy  occasion  a  precipitate  when  mixed  together,  nor  the 
earthy  salts  when  the  acid  combined  in  each  is  such  as 
:o  form  soluble  salts  with  all  the  earthy  basts,  as  nitric 
acid,  muriatic  acid.    On  the  other  hand,  when  a  preci- 
mtate  takes  place,  some  two  of  Lhe  ingredients  form  an 
msoluble  compound  ;  consequently  we  can  easily  deter- 
ntnine  before-hand  whether  or  not  a  precipitate  will  take 
place.    It  is  from  this  precipitation  chiefly  that  double 
[^decompositions  have  been  determined.    It  is  obvious 
tthat  they  are  occasioned  not  by  the  superiority  of  the 
saffinity  of,the  ingredients  which  precipitate,  but  by  ihe 
sstrong  tendency  which  these  ingredients  have  to  cohere 
(together.    The  consequence  of  which  tendency  is  the 
(exclusion  of  the  other  component  parts,  and  the  preci- 
Ipitation  of  the  masses  as  they  form.    It  may  be  con- 
isidered,  then,  as  a  general  law,  that  '*  whenever  a  salt 
iis  insoluble,  the  two  ingredients  which  compose  it,  when- 
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ever  they  meet  in  a  solution,  precipitate  in  conibiaa* 
tion."  For  this  general  law  we  are  indebted  to  Mr  Ber*| 
thollet. 

Thus  barytes  forms  an  insoluble  compound  with  soLl 
phuric  acid,  phosphoric  acid,  oxalic  acid,  tartarous  acid^l 
&c.    Consequently  when  a  salt,  whose  base  is  ths 
earth,  is  mixed  with  a  salt  containing  any  of  these  acidsJ 
a  precipitation  takes  place  consisting  of  the  barytei 
combined  with  the  acid.     Salts  of  lime  form  a  precipi- 
tate with  oxalats,  tartrites,  citrats,  phosphats,  fluatsJ 
and  sometimes  with  sulphats.    The  alkaline  carbonatsl 
occasion  a  precipitate  in  all  the  earthy  salts,  because  at 
the  earthy  carbonats  are  insoluble.    Acetite  of  lead  oc 
casions  a  precipitate  in  sulphats,  muriats,  phosphats,! 
mucites,  &c.    Nitrat  of  silver  in  the  muriats.    But  it| 
would  be  endless  to  run  over  all  the  precipitates  occa 
sioned  by  the  mixture  of  salts :  every  person  may  ascer- 
tain them  merely  by  observing  what  salts  are  inso^ 
luble. 

It  ought  to  be  observed,  however,  that  the  precipi-| 
tation  takes  place,  not  because  the  salts  are  insoluble  inij 
water,  but  because  they  are  insoluble  in  the  particular! 
solution  in  which  the  precipitate  appears.  Now  if  thia| 
solution  happens  to  be  capable  of  dissolving  any  parti- 
cular salt,  that  salt  will  not  precipitate,  even  though  itj 
b^  insoluble  in  water.  Hence  the  reason  why  precipi-j 
tates  so  often  disappear  when  there  is  present  in  the  so-j 
lution  an  excess  of  acid,  of  alkali,  &c. 

This  law  has  been  still  further  generalized  by  Ber-j 
thollet.    When  different  salts  are  mixed  together,  theyj 
separate  either  spontaneously,  or  on  evaporation,  ac-.; 
cording  to  the  order  of  their  solubility.    Those  which 
are  insoluble  precipitate  immediately  on  the  mixture. 
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Id'  those  which  are  least  soluble  crystallize  first  when   Chap.  HI. 
s  solution  is  evaporated.    Potass  forms  with  sulphu- 
;  acid  a  salt  much  less  soluble  than  sulphat  of  soda. 
;nce  the  reason  wlij  it  has  been  supposed  to  have  a 
onger  affinity  for  sulphuric  acid,  and  by  analogy  for 

::ds  in  general,  than  soda :  For  if  sulphat  of  soda  be 

xxed  with  the  greater  number  of  the  salts  of  potass, 
phat  of  potass  is  obtained  by  evaporation.  ^ 

JBut  in  cases  where  two  salts  are  mixed  together,  the 
ulting  salts  are  much  influenced  by  the  proportions 
the  ingredients.  The  same  salts  are  not  obtained  if 
:  ingredients  be  mixed  in  one  proportion  that  would 
obtained  if  they  were  mixed  in  another  proportion, 
lis  will  appear  evidently  from  the  following  expe- 
.">ents  of  Berthollet. 
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The  mother  water,  or  the  liquid  which  remains  when 
mixtures  of  salts  are  separated  by  crystallization,  al^, 
ways  contains  several  salts,  or  rather  their  componei 
parts,  which  are  prevented  from  crystallization  by  the' 
mutual  action  on  each  other.  Hence  the  quantity 
this  mother  water  is  always  the  greater  the  more  so- 
luble the  salts  are ;  that  is  to  say,  the  less  disposition 
they  have  to  crystallize. 


CHAP  IV. 

OF  REPULSION. 


In  the  three  preceding  Chapters  the  properties  of  affi- 
nity, oY  of  the  attraction  which  influences  the  particles 
of  bodies,  have  been  examined.  But  besides  attraction, 
matter  possesses  another  force  equally  powerful,  and 
equally  obvious,  and  which  acts  as  important  a  part  in 
the  phenomena  of  nature.  This  force  is  repulsion^ 
which  is  no  less  interesting  to  the  chemical  philosopher 
than  attraction,  as  it  is  often  the  antagonist  of  affinity, 
and  is  the  chief  agent  in  combustion,  fulmination,  de- 
tonation, evaporation,  and  indeed  in  the  greater  number 
of  tlie  most  astonishing  and  tremendous  phenomena  of 
chemistry.  It  would  be  improper  therefore,  to  leave 
the  general  doctrines  of  chemistry  without  examining 
the  present  state  of  our  knowledge  of  the  laws  of  repul- 
sion. 
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V .  That  there  is  a  force  which  opposes  the  approach    Chap,  iv.^ 
bodies  towards  each  other,  and  which  tends  to  sepa-  Pooofsof  a 
e  them  farther  from  each  other,  is  obvious  from  the  force^^'^'^ 
;htest  view  of  the  phenomena  of  nature.    When  we 
sent'  the  north  pole  of  a  magnet  A  to  the  same  pole 
tf  another  magnet  B,  suspended  on  a  pivot,  and  at  li^ 
fertj  to  move,  the  magnet  B  recedes  as  the  other  ap- 
iroaches  ;  and  by  following  it  with  A  at  a  proper  di- 
tcance,  it  may  be  made  to  turn  round  on  its  pivot  with 
[Considerable  velocity.    In  this  case  there  is  evidently 
I'ome  force  which  opposes  the  approach  of  the  north 
joles  of  A  and  B,  and  v/hich  causes  the  moveable  mag- 
tiet  to  retire  before  the  other.    There  is  then  a  repul- 
iion  between  the  two  magnets,  a  repulsion  which  in- 
ireases  with  the  power  of  the  magnets;  and  this  power 
laas  been  made  so  great,  by  a  proper  combination  of 
magnets,  that  all  the  force  of  a  strong  man  is  insufficient 
CO  make  the  two  north  poles  touch  each  other.  The 
:ame  repulsion  is  equally  obvious  on  electrical  bodies  ; 
ind  indeed  it  is  by  rrieaiis  of  it  alone  that  the  quantity  of 
ihlectricity  is  measured  by  philosophers.    If  two  cork 
))alls  be  suspended  from  a  body  with  silk  threads,  so  as 
'.0  toiich  each  other ;  if  we  charge  the  body  with  electri- 
■ity,  the  cork  balls  separate  from  each  other,  and  stand 
!rt  a  distance  proportional  to  the  quantity  of  electricity 
with  which  the  body  is  charged :  the  balls  of  course  re- 
:oel  each  other. 

But  it  is  not  in  electric  and  magnetic  bodies  only  that 
repulsion  is  perceived.  Newton  hps  shewn,  that  it  ex- 
iists  also  between  two  pieces  of  glass.  He  found  that 
when  a  convex  lens  was  put  upon  a  flat  glass,  it  re- 
rmains  at  the  distance  of  the  xtt^^  P^^'t  of  inci),  and 
la  very  considerable  pressure  is  required  to  diminish  this 
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Book  III.  ^  distance ;  nor  does  any  force  which  can  be  appli 
bring  them  into  actual  mathematiciil  contact :  a  fo 
may  indeed  be  applied  sufficient  to  break  the  glasses  ift 
pieces,  but  it  may  be  demonstrated  that  it  does  not  di 
minish  their  distance  much  beyond  the  '^-J^th  part  of 
an  inch.    There  is  therefore  a  force  of  repulsion  which 
prevents  the  two  glasses  from  touching  each  other. ' 
Boscovich  has  demonstrated,  that  the  same  repulsi  11 
exists  between  all  hard  elastic  bodies.    When  an  ivo:  v 
ball  sets  another  in  motion  by  impinging  against  it,  :r.i 
equal  quantity  of  its  pwn  motion  is  lost,  as  is  well 
known     Now  Boscovich  has  shewn,  that  the  ball  at< 
rest  begins  to  move  while  the  other  is  still  at  a  di-j 
stance. 

Thus  we  see  that  there  exists  a  repulsion  between  a 
great  variety  of  bodies  ;  that  this  repulsion  acts  while 
they  are  at  a  distance  from  each  other ;  that  it  opposes 
their  approach  towards  each  other;  and  that  it  increases 
as  the  distance  between  them  diminishes.  But  this  force 
not  only  displays  itself  in  bodies  of  considerable  magni- 
tude, it  is  exerted  also  by  the  particles  of  bodies.  That 
the  particles  of  air  repel  each  other  is  evident ;  for  a 
considerable  force  is  required  to  keep  them  as  near  each 
other  as  we  find  them  at  the  surface  of  the  earth  ;  and 
when  this  force  is  removed,  they  separate  from  each 
other,  that  is  to  say,  the  air  expands.    Nor  is  it  known 
how  far  this  expansion  extends.  Air  has  been  artificially 
expanded  to  3000  times  its  usual  bulk,  and  doubtless  at 
great  heights  in  the  atmosphere  its  expansion  is  still 
much  greater  than  that.    On  the  other  hand,  air  may 
be  forcibly  condensed,  that  is  to  say,  its  particles  may 
be  made  to  approach  nearer  each  other  j  but  a  consi- 
derable force  is  required  to  produce  this  effect,  and  this 
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:e  increases  nearly  as  the  density  :  if  it  be  removed,  Chap, 
.e  particles  again  separate,  and- the  air  assumes  its 
rrmer  bulk.  What  are  the  limits  of  this  condensation 
:  not  known  ;  but  air  has  been  forcibly  compressed  to 
;;e  1  oocth  part  of  its  natural  bulk.  Thus  we  see  that 
te  particles  of  afr  may  be  made  to  approach  sixteen 
mes  nearer  each  other.  The  elasticity  of  air,  or  the 
tibrt  which  it  makes  when  compressed  to  resume  its 
ornier  bulk,  .is  evidt^ntly  the  consequence  of  a  repul- 
we  force  which  its  particles  exert.  All  gaseous  fluids 
^Dssess  the  same  repulsive  force,  and  are  indebted  to  it 
n  their  elasticity. 

The  particles  of  solid  elastic  bodies  likewise  repel 
lach  other  ;  for  they  also,  when  forcibly  compressed, 
.isume  their  former  size,  and  of  course  their  particles 
::pel  each  other.  It  has  been  demonstrated  by  phllo- 
:Dphers,  that  all  liquids  are  capable  of  a  certain  degree 
ff  compression,  and  that  when  the  compressing  force 
>>  removed  they  resume  their  former  bulk ;  conse- 
mently  the  particles  of  these  bodies  also  repel  each  other. 
Varther,  it  has  been  shown  formerly,  that  the  particles  of 
(obody  whatever  are  in  mathematical  contact ;  in  every 
aase  there  is  a  distance  between  them.  Since  this  is  the 
:ase,  it  is  obvious  that  it  is  possible  for  these  particles 
CO  approach,  nearer  each  other.  But  if  we  make  the 
attempt,  we  find  that  all  bodies  resist  compression  ; 
many  resist  it  so  strongly,  that  we  can  produce  no  sen- 
iible  change  in  their  size.  Consequently  there  must  be 
ome  force  which  opposes  the  particles  of  all  bodies  ap- 
'jroaching  nearer  each  other  than"  a  certain  distance  ; 
:hat  is  to  say,  that  the  particles  of  all  bodies  at  certain 
ilistances  repel  each  other. 

2.  All  bodies  then  possess  a  repulsive  force  at  cer- 
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Book  III. 


Sensible  re- 
pulsion. 


Insensible 
repulsion, 


tain  distances,  which  opposes  the  diminution  of  these 
distances.    The  cause,  or  the  nature  of  this  force, 
equally  inscrutable  with  that  of  attraction^  but  its  exi 
tence  is  undoubted     Like  attraction,  it  exerts  itself, 
either  at  sensible  distances  or  at  insensible  distances  ;  of 
course  the  repulsions  may  be  divided  into  two  classes. 

3.  Sensible  repulsion  may  very  possibly  be  exerted  by 
two  bodies  placed  at  immense  distances  from  each  other 
as  Boscovich  has  supposed,  even  beyond  the  sphere 
the  attraction  of  gravitation  ;  but  we  have  no  proof  o 
the  existence  of  any  such  repulsion,  unless  the  pe 
manency  of  the  universe,  unaltered  by  that  gravitati 
which  ought  to  make  the  different  systems  gradual! 
approach  each  other  be  considered  as  a  proof.  Th 
only  sensible  repulsions  with  which  we  are  acquainte 
take  place  at  much  smaller  distances.  They  may  be  re 
duced  to  two  kinds,  namely,  ebctricity  and  magnetism 
It  has  been  ascertained  that  bodies  possessed  of  the  sam' 
kind  of  electricity  repel  each  other,  and  likewise  th 
same  magnetic  poles  of  bodies  repel  each  other;  whil 
on  che  other  hand,  differently  electrified  bodies  and  t 
different  poles  of  magnetic  bodies  attract  each  oth 
Repulsion  increases,  as  far  as  has  been  ascertained,  i 
versely  as  the  square  of  the  distance  consequently 
th?  point  of  contact  it  is  hi  finite. 

4.  Insensible  repulsion  is  most  conspicuous  in  elasti 
fluids,  as  air  and  the  gases;  but  it  is  exhibited  also  b 
elastic  bodies  in  general,  In  these,  if  a  judgment  ca 
be  formed  from  the  experiments  on  air,  the  repulsio 

increases  nearly  at  the  rate  of  ~L — 

5.  Electric  and  magnetic  repulsion  is  supposed  to  re 
side  in  a  fluid,  or  rather  in  two  fluids,  the  partides  0 
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]i  of  which  repel  those  which  are  similar  to  them-  Chap.iv, 
ives,  but  attract  the  particles  of  the  other  fluid.  In- 
nsible  repulsion  is  intimately  connected  with  caloric j 
body  which  has  been  already  examined,  and  which 
«ems  to  consist  of  particles  that  mutually  repel  each 
Ither.  It  is  well  known  that  the  elasticity  of  air  and 
111  other  gaseous  bodies  is  increased  by  heat;  or  more 
rccurately,  that  the  repulsion  between  the  particles  of 
iir,  the  distance  remaining  the  same,  increases  with  the 
jsmperature,  so  that  at  last  it  becomes  so  great  as  to 
wercome  every  obstacle  which  can  be  opposed  to  it. 
I')n  the  other  hand,  this  repulsion  diminishes  with  the 
emperature;  the  consequence  of  which  is,  that  the  ex- 
srnal  pressure  remaining  the  same,  the  air  is  unable  to 
esist  it  as  usual,  and  of  course  its  particles  approach 
tearer  each  other. 

6.  Insensible  repulsion  may  either  be  a  force  inherent  Either  in- 
n  the  particles  of  bodies,  or  it  may  belong  exclusively  j^J.^^"^'"^^ 
o  some  particular  body  combined  with  these  particles, 
"he  first  of  these  hypotheses  seems  to  have  been  adopt- 
d  by  Newton.  In  the  51st  query  at  the  end  of  his 
Optics,  he  gives  us  his  opinion  concerning  the  constilu- 
ion  of  nature.  He  supposes  that  the  jprimitive  particies 
<f  matter  are  similar,  extremely  hard  and  dense,  and 
hat  by  their  combination  they  form  all  the  different 
jodies  with  which  we  are  acquainted.  That  these  par- 
icles  have  been  endowed  by  their  Creator  with  a  cer- 
:ain  force,  in  consequence  of  which  they  act  mutually 
Dn  each  other,  and  occasion  all  the  phenomena  of  the 
naterial  world  ;  that  this  force  changes  with  the  dis- 
fance  of  the  particles,  not  only  its  intensity,  but  also  its 
nature  that  the  particles  when  at  one  distance  attract, 
out  when  this  distance  is  increased  or  diminished  to 
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Book  m.    a  certain  extent,  the  attraction  vanishes  and  repulsion 
succeeds  it. 

The  ideas  of  this  illustrious  philosopher  were  only  de-, 
livered  in  general  terms,  without  applying  them  to  the 
explanation  of  particular  phenomena.    But  in  1758, 
Boscovich  published  his  Theoria  Philosophice  Natu~ 
ralis,  in  which  he  gives  a  detailed  explanation  of  the 
economy  of  nature,  in  principles  fundamentally  the^ 
same  with  those  of  Newton,  but  new  modelled  with  soi 
much  ingenuity,  and  supported  by  such  excellent  me-j 
taphysical  and  mathematical  reasoning,  that  he  made ' 
them  entirely  his  own,  and  deservedly  acquired  the  re-j 
putation  of  one  of  the  greatest  philosophers  of  the  age. 
According  to  him,  the  particles  of  matter,  or  t-.e  atoms 
of  which  all  bodies  are  composed,  are  mere  mathema- 
tical points,  destitute  of  extension  and  magnitude,  but 
capable  of  acting  on  each  other  with  a  force  which  dif- 
fers in  intensity  and  in  kind  according  to  the  distance.  At 
sensible  distances  the  force  is  attractive,  and  diminishes 
inversely  as  the  square  of  the  distance.    At  the  smallest 
distances  the  force  is  repulsive ;  it  increases  as  the  dis- 
tance diminishes,  and  at  last  becomes  infinite  or  insu- 
perable; so  that  absolute  contact  of  course  is  impossible. 
The  space  between  this  last  repulsive  distance  and  sen- 
sible distances  is  divided  into  an  indefinite  number  of 
parts,  alternately  attractive  and  repulsive     Thus  let  us 
suppose  it  divided  into  ten  such  parts  :  while  the  par- 
ticles are  at  any  distance  between  9  and  10,  that  is  to 
say,  greater  than  9  but  less  than  10,  they  repel ;  between 
8  and  9  they  attract ;  between  7  and  8  they  repel ;  be- 
tween 6  and  7  they  attract,  and  so  on.  At  the  distances 
10,  9,  8,  7,  6,  5,  4,  3,  2,,  I,  which  are  the  limits  between 
these  attracting  and  repelling  spaces,  they  neither  attract 
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)r  repel.  The  happy  explanation  which  this  theory  Chap.iv, 
lablcs  Boscovich  to  give  of  the  greater  number  of  na- 
ral  phenomena  is  really  astonishing  ;  but  there  are 
lenomena  which  refuse  to  submit  themselves  to  this 
igenious  theory;  particulary  those  numerous  changes 
pperated  on  bodies  by  the  action  of  caloric. 

7.  Other  philosophers  have  supposed  that  repulsion  Or  confine! 
not  a  property  inherent  in  all  matter,  but  confined  to  i^r  s^b-"' 
{peculiar  substance  which  has  been  generally  considered  ^'^"'^'^ 
!  caloric.    According  to  this  hypothesis,  tiiere  are  two 
linds  of  matter,  one  w^hose  particles  attract,  another 
i  hose  particles  repel.  Let  us  call  the  first  cohesii'e  mat- 
'•r  and  the  other  caloric  ;  and  let  us  suppose  also,  what 
uust  be  the  case,  that  cohesive  matter  and  caloric  at- 
ract  each  otlier  with  a  force  which  varies  as  some 
["Dwer  or  function  of  the  distance.  In  that  case  we  have. 
The  particles  of  cohesive  matter  attracting  each  other, 

\\  I—.-\-a.  2.  The  particles  of  cohesive  matter  attrac- 
:ng  caloric,  as  2--\-h.    3.  The  particles  of  caloric  re- 

(ehino;  each  other,  as --  4- To  make  the  case  as 

mple  as  possible,  let  us  suppose  a,  5,  and  c,  each  o. 

he  simplest  Inspection  of  the  phenomena  of  nature  is 
ufEcient  to  convince  us,  that  of  the  three  quantities  x, 
iid  !?,  X  must  be  the  least,  and  that    and    cannot  differ 

uch  from  each  other.  In  order  to  form  something, 
»ie  a  precise  notion  of  the  subject,  let  us  suppose  x  —  z 

id  y  and  z  each  z=.  3. 

Every  particle  of  adhesive  matter  must  be  combined 
ith  a  particle  of  caloric,  and  these  two  must  be  in  ac- 
lal  mathematical  contact  j  for  without  this  supjjosi- 
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tion  the  plicnomena  of  nature  would  be  inexplicable. 
~  Every  particle  of  adhesive  matter  may  also  be  sur* 
rounded  with  an  atmosphere  of  caloric,  which  atn; 
spheres  will  necessarily  diminish  and  alter  entirely  iu 
the  arrangement  of  the  particles  which  compose  thera 
as  the  two  particles  of  adhesive  matter  approach  each 
other. 

Let  us  suppose  two  particles  of  adhesive  matter  cc 
bined  each  with  a  particle  of  caloric  acting  upon  e:.  .l 
other  at  diff^rrent  distances.  The  variation  of  the  diffe- 
rent attractions  and  repulsions  may  be  represented  by 
fig.  35.  Let  the  line  AB  represent  the  different  distau, 
ces  of  the  two  compound  particles  from  each  other ; 
one  of  the  particles  remaining  stationary  in  A,  while 
the  other  is  moving  towards  B.  The  ordinates  m  by 
nc,  0  d,  p  e,  qfj  r g,sh,t  z,  u  k,  x  /,  represent  the  attrac- 
tive forces  when  the  second  particle  is  at  the  points  »?, 
n,  0,  p,  q,  r,  s,  ?/,  x,  respectively  ;  and  the  ordinntis 
m  b',  n  c',  0  d! ,  &c.  represent  the  repulsive  forces  at 
the  same  points.  The  curves  cdefghikly  and  d 
,  d' e' /'  g'  h'  i'  I' y  drawn  through  the  extremities  of 
these  ordinates,  are  the  curves  of  repulsion  and  at- 
traction. The  properties  of  these  curves  have  been  in- 
vestigated by  mathematicians  ;  but  it  is  unnecessary  to 
have  recourse  to  their  investigation,  as  a  bare  inspection 
of  the  figure  is  sufficient  to  demonstrate  that  it  is  alto- 
gether irreconcileable  with  the  phenomena  of  nature  : 
For  since  the  ordinates  of  the  repulsive  curve  diminish 
at  a  greater  rate  than  those  of  the  attractive,  at  some 
p'sCrticular  distance  from  A  they  will  be  equal  to  each 
other.  Let  us  suppose  them  to  be  equal  at  r,  and  le 
Ar  —  6,  and  rg  ov  r g'  —  \.  Let  A  w  r=  1 ,  An  —  2 
Ao  lis  3,  A/)  =  4,  &.C.  Then  at  the  points  m,  «,  o,p,  &« 


REPULSION. 


1iave  the  repulsive  and  attractive  ordinates  equal 
dj  to  the  following  numbers  : 


m 

n 

0 

P 

q   1  1^ 

s 

t 

ti 

uls.  216  oo 

27.00 

7.90 

3.20 

i.7o''i.oo 

6.2 

4.2 

2.9 

Z.I 

tract.  39.60 

9.0c 

4.00 

2.20 

1 

1.40I1.00 

1-3 

5.6 

4.4 

3-<5 

cow  as  these  forces  are  opposed  to  each  other^  th'ey 
r.rtly  destroy  each  other  ;  therefore  to  find  the  abso- 
tte  force  by  which  the  two  compound  particles  are  re- 
plied or  attracted,  while  the  second  compound  particle 
in  the  points  «,  0,  &.c.  we  have  only  to  take  the 
ilfference  between  the  attracting  and  repelling  ordinates 
:  these  points.    This  gives  us  the  following  result : 


m 

n   1  0 

p 

'1 

r 

s 

t 

u 

?2p.  176.40 

I S. 00^. 00 

1. 00 

3.00 

0 

tttr. 

r 

0 

0.11 

0.14 

0.15 

ne  point  r  is  evidently  a  point  of  cohesion ;  as  the 
vo  particles,  v.'hen  at  the  distance  denoted  by  it,  are 
iither  attracted  nor  repelled.  But  the  attractions  which 
llow  are  totally  incompatible  with  the  phenomena ; 

'         ....  I 

>>r,  instead  of  diminishing  as  — ,  they  diminish  at  an 

::omparably  slower  rate.  The  same  remark  applies  to 
es  repulsions. 

"•We  are  absolutely  certain,  then,  that  x  and  y  are  not 
.2  and  3.  They  must  be  such,  that  the  difference  be- 

reen  —  and  JL  is  a  square  :  that  is  to  say,  we  must 

Tve  —  —  —  — ,  for  that  alone  corresponds  with  the 

dy    d"  d'' 

'  enomena.    7'he  fact  is,  if  the  above  supposition,  that 
ere  are  two  kinds  of  matter,  one  repelling  and  ano- 
:er  attracting,  be  adopted,  it  is  obvious  that  the  rate  at 
iiich  we  see  the  attractions  and  repulsions  of  bodies  to 
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vary,  is  only  the  difference  between  the  respective 
forces  which  the  particles  of  matter  possess.  Of  course 
we  cannot  ascertain  these  forces  except  indirectly.  Thus 
if  we  suppose  x  =  3,  and  j  5,  and  that  the  two  forces 
are  equal  as  before  at  the  point  r  j  that  is,  let  rg  or 
rg'  ;=za,  then  the  attractions  and  repulsions  in  the  dif- 
ferent points  will  be  as  follows  : 
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Here  the  rate  of  variation  is  always  as  — .    The  at- ! 

tractive  and  repulsive  curves  would  assume  a  very  dif- 
ferent form  from  those  in  the  (iffure.    But  it  is  needless  ; 

.  i 
to  examine  the  subject  farther,  as  it  would  be  necessary 

to  shew,  before  admitting  the  hypothesis,  that  the  re- 
pulsion varies  at  the  rate  of         If  this  could  be  pro- 
ved, the  greater  number  of  the  phenomena  of  nature  \ 
could  be  explained,  upon  this  hypothesis,  with  the  same  : 
facility  as  that  of  Boscovich  ;  and  it  would  have  the  ad- 
ditional advantage  of  not  assuming  the  existence  of  any 
force  whose  action  is  not  actually  demonstrated  by  the 
phenomena.   It  is  obvious  that  the  changes  from  attrac-  j 
tions  to  repulsion,  when  more  than  one  such  change  ap- ' 
pears  in  consequence  of  varying  the  distance  between ' 
bodies,  may  be  accounted  for  by  supposing  that  part  of 
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Ithe  caloric  is  driven  oiFbythe  approach  of  the  bodies.    Chap. IV. 

8.  Before  leaving  this  subject,  it  will  be  worth  while 
cto  shew,  by  an  example,  that  the  repulsion  between  the 
jparticles  of  caloric  often  acts  as  a  real  chemical  force, 
aand  that  it  affords  a  kej  to  explain  several  phenomena 
\which  at  first  sight  appear  nearly  contradictory.  Why 
cdo  bodies  require  different  temperatures  in  order  to 
lunite  ?  and  Why  does  the  presence  of  caloric,  in  many 
ceases,  favour,  or  rather  produce,  union,  while  it  pre- 
\vcnts  or  destroys  it  in  others  ? 

Some  substances,  phosphorus  for  instance,  combine 
iwith  oxygen  at  the  common  temperature  of  the  atmo- 
<  sphere  ;  others,  as  carbon,  require  a  higher  tenipera- 
tture  ;  and  others,  as  hydrogen  and  azotic  gas,  do  not 
ccombine  except  at  a  very  high  temperature.  To  what 
sare  these  differences  owing  ? 

It  is  evident,  that  whatever  diminishes  the  cohesion 
\which  exists  between  the  particles  of  any  body,  must 
ttend  to  facilitate  their  chemical  union  with  the  particles 
(of  other  bodies  :  this  is  the  reason  that  bodies  combine 
I  more  easily  when  held  in  solution  by  water,  or  when 
tthey  have  been  previously  reduced  to  a  fine  powder. 
INow  caloric  possesses  the  property  of  diminishing  co- 
ihesion.    And  one  reason  why  some  bodies  require  a 
ihigh  temperature  to  cause  them  to  combine  is,  that  at 
a  low  temperature  the  attraction  of  cohesion  is  in  them 
superior  to  that  of  affinity,  accordingly,  it  becomes  nc- 
tcessary  to  weaken  that  attraction  by  caloric  till  it  be- 
^ comes  inferior  to  that  of  affinity.    The  quantity  of  ca- 
iloric  necessary  for  this  purpose  must  vary  according  to 
the  strength  of  the  cohesion  and  of  the  affinity;  it  must 
be  inversely  as  the  affinity,  and  directly  as  the  cohesion. 
"Wherefore,  if  wc  knew  precisely  the  force  of  the  cohe- 
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"^-^  slon  between  the  particles  of  anybody,  and  of  the  af- 
finity between  the  particles  of  that  body  and  of  any 
other,  we  could  easily  reduce  the  temperature  necessary 
to  calculation. 

That  caloric  or  temperature  acts  in  this  manner,  can- 
not be  doubted,  if  we  consider  that  other  methods  of 
diminishing  the  attraction  of  cohesion  may  be  substi- 
tuted for  it  with  success.    A  large  lump  of  charcoal, 
for  instance,  will  not  unite  with  oxygen  at  so  low  a  tem- 
perature as  the  same  charcoal  will  do  when  reduced  to 
a  very  fine  powder  ;  and  charcoal  will  combine  with 
oxygen  at  a  still  lower  temperature,  if  it  be.  reduced  to 
its  integrant  particles,  by  precipitating  it  from  alcohol, 
as  Dr  Priestley  did  by  passing  the  alcohol  through 
red  hot  copper.    And  to  shew  that  there  is  nothing  in 
the  nature  of  oxygen  and  carbon  which  renders  a  high 
temperature  necessary  for  their  union,  if  they  be  pre- 
sented to  each  other  in  different  circumstances,  they 
combine  at  the  common  temperature  of  the  atmosphere; 
for  if  nitric  acid,  at  the  temperature  of  60°,  be  poured 
upon  charcoal  powder,  well  dried  in  a  close  crucible, 
the  charcoal  takes  fire,  owing  to  its  combining  with 
the  oxygen  of  the  acid  *  :  And  in  some  other  situations, 
carbon  is  so  completely  divided  that  it  is  capable  of 
combining  with  the  oxygen  of  the  atmosphere,  or, 
which  is  the  same  thing,  of  catching  fire  at  the  com- 
mon temperature  :  this  seems  to  be  the  case  with  it  in 
those  pyrophori  that  are  formed  by  distilling  to  dry- 
ness several  of  the  neutral  salts  which  contain  acetous 
acid  f .    These  observations  are  sufficient  to  shew,  that 


*  Proust  and  Morveau,  Encyc.  Method.  Cbim.  i.  474. 
\  Morveau,  ibid. 
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iiloric  is  In  many  cases  necessary  in  order  to  diminish 
lae  attraction  of  cohesion. 

But  there  is  a  difficuhy  still  remaining :  How  comes 
ithat  certain  bodies  will  combine  with  oxygen  without 
cC  assistance  of  any  foreign  heat,  provided  the  combina- 
m\  be  once  begun,  though  a  quantity  of  caloric  is 
x'cessary  to  begin  the  combination  ?  and  that  other 
»dies  require  to  be  surrounded  by  a  great  quantity  of 
Uoric  during  the  whole  time  of  their  combining  with 
vygen  ?  Alcohol,  for  instance.  If  once  kindled,  burns 
11  it  is  quite  consumed  j  and  this  is  the  case  with  oils 

50,  provided  they  be  furnished  with  a  wick. 

^  We  would  err  very  much,  were  we  to  suppose  that  a 

;2;h  temperature  is  not  as  necessary  to  these  substances 

I  ring  the  whole  of  their  combustion  as  at  the  com- 
::ncement  of  it ;  for  Mr  Monge  found,  on  making  the 
aal,  that  a  candle  would  not  burn  after  the  temperature 
!the  air  around  it  was  reduced  below  a  certain  point. 
iAll  substances  which  continue  to  burn  after  being 
cce  kindled  are  volatile,  and  they  burn  the  easier  in 
)tportion  to  that  volatility.    The  application  of  a  cer- 

II  quantity  of  caloric  to  alcohol  volatalizes  part  of  it ; 
Lt  is  to  say,  diminishes  the  attraction  of  its  cohesion 
imuch  that  it  combines  with  oxygen.  The  oxygen 
iich  enters  into  this  combination  gives  out  as  much 
;.t  as  volatilizes  another  portion  of  the  alcohol  j  which 
nciblnes  with  oxygen  in  Its  turn ;  more  heat  Is  given 

;  and  thus  the  process  goes  on.  Oils  and  tallow  ex- 
i it  the  very  same  phenomena;  only  as  they  are  less 
utile,  it  is  necessary  to  assist  the  process  by  means  of 

capillary  attraction  of  the  wick,  which  confines  the 
lon  of  the  caloric  evolved  to  a  small  quantity  of  oil, 

thus  enables  It  to  produce  the  proper  effect.  In 

7oi,.  III. 
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Book  III.    short,  then,  every  substance  which  is  capable  of  con. 

tinuing  to  burn  after  being  once  kindled  is  volatile,  or 
capable  of  being  converted  into  vapour  by  the  degree  of 
heat  at  first  applied.  The  reason  that  a  live  coal  will 
not  burn  when  suspended  insulated  in  the  air,  is  not,  as 
Dr  Hutton  supposed  *,  because  its  light  is  dissipated; 
but  because  the  coal  cannot  be  converted  into  vapour 
by  the  degree  of,  heat  which  it  contains,  and  because 
the  cohesion  of  its  particles  is  too  great  to  allow  it  to 
combine  with  oxygen  without  some  such  change.  The: 
are  some  coals,  however,  which  contain  such  a  quanti 
of  bitumen  that  they  will  burn  even  in  the  situatiol 
supposed  by  Dr  Hutton,  and  continue  to  burn,  provide 
they  be  furnished  with  any  thing  to  act  as  a  wick, 
is  needless  to  add,  that  bitumen,  like  oil,  is  easily  cO; 
verted  into  vapour. 

But  this  explanation,  instead  of  removing  our  di 
culties,  has  only  served  to  increase  them :  For  if  c 
loric  only  acts  by  diminishing  the  attraction  of  cob 
sion,  and  converting  these  substances  into  vapour,  wi 
do  not  all  elastic  fluids  combine  at  once  without 
additional  caloric  ?  why  do  not  oxygen  and  hydrog 
.  when  mixed  together  in  the  state  of  gas,  unite  at  oni 
and  form  water  ?  and  why  do  not  oxygen  and  az 
which  are  constantly  in  contact  in  the  atmosphere,  u 
also  and  form  nitrous  gas  ?  Surely  it  cannot  be  t: 
attraction  of  cohesion  that  prevents  this  union.  A 
if  it  be  ascribed  to  their  being  already  combined  wi 
caloric,  how  comes  it  that  an  additional  dose  of  one 
the  ingredients  of  a  compound  decomposes  it  ?  Surelfi 
as  Mr  Monge  has  observed,  this  is  contrary  to  all  t 
other  operations  in  chemistry. 


*  On  Li^bt  and  Heat, 
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That  the  particles  of  fluids  are  not  destitute  of  an    Chap.  iv. 
ttraction  for  each  other,  is  evident  from  numberless 
ccts.    The  particles  of  water  draw  one  another  after 
«em  in  cases  of  capillary  attraction  ;  which  is  proba- 
cy owing  to  the  attraction  of  cohesion.    It  is  owing 
>  the  attraction  of  cohesion,  too,  t}>at  small  quantities 
•  water  form  themselves  into  spheres ;  nor  is  this  at- 
aaction  so  weak  as  not  to  be  perceptible.    If  a  small 
sate  of  glass  be  laid  upon  a  globule  of  mercury,  the 
Lobule,  notwithstanding  the  pressure,  continues  to  pre- 
rrve  its  round  figure.    If  the  plate  be  gradually  char- 
id  with  weights  one.  after  another,  the  mercury  be- 
•mes  thinner  and  thinner,  and  extends  itself  in  the 
rrm  of  a  plate  ;  but  as  soon  as  the  weights  are  re- 
coved,  it  recovers  its  globular  figure  again,  and  pushes 
))  the  glass  before  it.    Here  we  see  the  attraction  of 
I'hesion,  not  only  superior  to  gravitation,  but  actually 
tercoming  an  external  force  *.    And  if  the  work- 
aan,  after  charging  his  plate  of  glass  with  weights, 
len  he  is  forming  mirrors,  happen  to  remove  these 
c sights,  the  mercury  which  had  been  forced  from  under 
te  glass,  and  was  going  to  separate,  is  drawn  back  to 
;  place,  and  the  glass  again  pushed  up.    Nor  is  the 
Taction  of  cohesion  confined  to  solids  and  liquids  ;  it 
innot  be  doubted,  that  it  exists  also  in  gases  ;  at  least 
is  evident,  that  there  subsists  an  -attraction  between 
ses  of  a  different  kind:  for  although  oxygen  and*azo- 
:  gas  are  of  different  gravities,  and  ought  therefore  to 
ccupy  different  parts  of  the  atmosphere,  we  find  them 
iways  mixed  together  ;  and  this  can  only  be  ascribed  to 
attraction. 


•  Morveau,  Encycl.  Meth.  Affinite,  p.  543. 
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It  seems  evident,  in  the  first  place,  that  the  affinit 
between  the  bases  of  the  gases  under  consideration  a 
oxygen  is  greater  than  their  affinity  for  that  dose  di 
caloric  which  produces  their  elastic  form  ;  for  when 
they  are  combined  with  oxygen,  the  same  dose  will  no| 
separate  them  again.    Let  us  take  hydrogen  for  an  ini 
stance  :  The  affinity  of  hydrogen  is  greater  for  oxygen 
than  for  the  caloric  which  gives  it  its  gaseous  form  j 
but  the  oxygen  is  also  combined  with  caloric,  and  there 
exists  an  attraction  of  cohesion  between  the  particles  oi 
the  hydrogen  gas  and  oxygen  gas ;  the  same  attraction 
subsists  between  those  of  oxygen  gas  and  hydrogen  gas^ 
Now  the  sum  of  all  these  affinities,  namely,  the  affmit 
between  hydrogen  and  caloric,  the  affinity  betwee: 
oxygen  and  caloric,  the  cohesion  of  the  particles  of  the 
hydrogen,  and  the  cohesion  of  the  particles  of  oxygen 
is  greater  than  the  affinity  between  the  hydrogen  and 
oxygen;  and  therefore  no  decomposition  can  take  place. 
Let  the  affinity  between 

Oxygen  and  caloric  be  50 

Hydrogen  and  caloric  5  c 

Cohesion  of  oxygen  for  hydrogen   4 

Cohesion  of  hydrogen   2 


Sum  of  quiescent  affinities  ic6 

The  affinity  of  oxygen  and  hydrogen  ....  105 

The  quiescent  affinities  being  greater  than  the  divellen^ 
affinities,  no  decomposition  can  take  place. 

Let  now  a  quantity  of  caloric  be  added  to  the  oxy- 
gen and  hydrogen  gas,  it  has  the  property  of  expand- 
ing them,  and  of  course  of  diminishing  their  cohesion  i 
while  its  affinity  for  them  is  so  small  that  it  may  be  ne- 
glected. Let  us  suppose  that  it  diminishes  the  cohesion 
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;the  oxygen  i,  and  of  the  hydrogen  also  i,  their  cohe-  Chap.  iv. 
in  will  now  be  3  and  i  ;  and  the  quiescent  affinities  *  ^ 
ng  only  104,  while  the  divellent  are  105^  decompo- 
ion  would  of  course  take  place,  and  a  quantity  of  ca- 
iic  would  thus  be  set  at  liberty  to  produce  the  same 
locts  upon  the  neighbouring  particles. 
IThus,  then,  caloric  acts  only  by  diminishing  cohe- 
(fi :  And  the  reason  that  It  is  required  so  much  in 
teous  substances,  and  in  those  combinations  into  which 
'/gen  enters,  is  the  strong  affinity  of  oxygen  and  the 
cer  bases  of  the  gases  for  caloric ;  for,  owing  to  the 
iiulsion  which  exists  between  the  particles  of  that  sub- 
substance,  an  effect  is  produced  by  adding  large 
;es  of  it,  contrary  to  what  happens  in  other  cases, 
es  more  of  it  is  accumulated,  the  stronger  is  the  re- 
ision  between  its  particles  ;  and'  therefore  the  more 
I'verful  is  its  tendency  to  fly  off:  and  as  this  tendency 
)5ppo3ed  by  its  affinity  for  the  body  and  the  cohe- 
n  of  Its  particles,  it  must  diminish  both  these  attrac- 

liS. 
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PART  II. 


CHEMICAL  EXAMINATION 

O  F 

NATURE. 

Having,  in  the  First  Part  of  this  Work,  given  a  very 
fill  detail  of  the  Principles  of  Chemistry,  and  a  descrip- 
con  of  the  different  Substances  with  which  it  is  neces- 
:.ry  for  the  Chemist  to  be  acquainted,  I  propose,  in  this 
;;cond  Part,  to  take  a  view  of  the  different  substances 
they  exist  in  nature,  constituting  the  material  world, 
i;at  we  may  ascertain  how  far  the  science  of  chemistry 
iill  contribute  towards  explaining  their  nature,  and  ac- 
itunting  for  the  different  changes  which  they  produce  on 
i'  ch  other.  Now  the  different  substances  of  which  the 
laterial  world,  as  far  as  we  have  access  to  it,  is  com- 
))sed,  may  be  very  conveniently  arranged  under  the  five 
Ulowing  heads: 

1.  The  Atmosphere,  4.  Vegetables, 

2.  Waters,  5.  Animals. 

3.  Minerals, 

These  five  divisions  will  form  the  subject  of  the  five 
Wlowing  Books. 
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THE  ATMOSPHERE. 


Book  I.     The  atmosphere  is  that  invisible  elastic  fluid  whici 
surrounds  the  earth  to  an  unknown  height,  and  inclosef 
it  on  all  sides.    It  received  its  name  from  the  Greeks* 
in  consequence  of  the  vapours  which  are  continually 
mixing  with  it.    When  the  chemist  turns  his  attentio 
to  the  atmosphere,  there  are  two  things  which  naturall 
engage  his  attention  :  First,  to 'ascertain  the  substance 
of  which  it  is  composed  ;  and,  secondly,  to  trace  th 
changes  to  which  it  is  liable.    I  shall'  therefore  divide 
this  Book,  into  two  Chapters.    In  the  first,  I  shall  ex- 
amine the  component  parts  of  the  atmosphere  ;  and,  in 
the  second,  examine  the  changes  to  which  it  is  liabl" 
under  the  title  of  Meteorology. 
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OF  THE  ATMOSPHERE. 


Chap.  I, 


CHAP.  I. 


COMPOSITION  OF  THE  ATMOSPHERE, 


EITHER  the  properties  nor  the  composition  of  the  at-  Opinions  of 
phere  seem  to  have  occupied  much  of  the  attention. 

the  ancients.  Aristotle  considered  it  as  one  of  the 
ur  elements,'  situated  between  the  regions  of  water 
jd  Jire,  and  mingled  with  two  exhalations,  the  dry  and 
ce  moist ;  the  first  of  which  occasioned  thunder,  light- 
nag,  and  wind  ;  while  the  second  produced  rain,  snow, 
ltd  hail.  The  ancients,  in  general,  seem  to  have  con- 
liered  the  blue  colour  of  the  sky  as  essential  to  the  at- 
(osphere  ;  and  several  of  their  philosophers  believed 
.at  it  was  the  constituent  principle  of  other  bodies,  or 

least  that  air  and  other  bodies  are  mutually  conver- 
;)le  into  each  other  *.    But  these  opinions  continued 

the  state  of  vague  conjectures  till  the  matter  was  ex- 

lined  by  the  sagacity  of  Hales  and  of  those  philoso- 
iiers  who  followed  his  illustrious  career. 


•  *  Thus  Lucretius : 

Semper  enifh  qnodcunque  fluit  dc  rebus,  id  qmnc 
Aeris  in  magnum  i'ertur  mare :  qui  nisi  contra 
Corpora  retribuat  rebus,  recrcctque  fluenteis, 
Omnia  jam  resoluta  forent,  et  in  aera  versa. 
Haud  igitur  cessat  gigni  de  rebus  et  in  res 
Recidere  assiduc,  quoniam  fluerc  omnia  constat.    Lib.  v.  274, 
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,  Book  r.  ^  Jt  was  not  till  the  time  of  Bacon,  who  first  taught 
Discoveries  mankind,  to  investigate  natural  phenomena,  that  the 
derm.         atmosphere  began  to  be  investigated  with  precision. 

Galileo  introduced  the  study  by  pointing  out  its  weight ; 
a  subject  which  was  soon  after  investigated  completely 
byTorricelli,  Paschal,  &.c.  Its  density  and  elasticity  were 
ascertained  by  Boyle  and  the  Florence  Academicians. 
Mariotte  measured  its  dilatibility ;  Hooke,  Newton, 
^  Boyle,  Derham,  pointed  out  its  relation  to  light,  to 

sound,  and  to  electricity.  Nev/ton  explained  the  effec  t 
produced  upon  it  by  moisture  ;  from  which  Halley  a'  - 
tempted  to  explain  the  changes  in  its  weight  indicated 
by  the  barometer.  But  a  complete  enumeration  of  the 
discoveries  made  upon  the  atmosphere  in  general  be- 
longs to  pneumatics ;  a  science  which  treats  professedly 
of  the  mechanical  properties  of  air 

The  knowledge  of  the  component  parts  of  the  atmo- 
sphere did  not  keep  pace  with  the  investigation  of  irs 
mechanical  projDerties.  The  opinions  of  the  earlier  che- 
mists concerning  it  are  too  vague  and  absurd  to  merit 
any  particular  notice.  Boyle,  however,  and  his  con- 
temporaries, put  it  beyond  doubt  that  the  atmosphere 
contained  two  distinct  substances,  i.  An  elastic  fluid 
distinguished  by  the  n::me  oi  air.  2.  Water  in  the  state 
Component  of  vapour.    Besides  these  two  bodies,  it  was  supposed 

parts  of  the  ^-^^^  {.j^g  atmosphere  contained  a  great  variety  of  other 
atmosphere.  ...         •  .  • 

substances,  which  were  contmually  mixmg  with  it  from 

the  earth,  and  which  often  altered  its  properties,  and 
rendered  it  noxious  or  fatal.  Since  the  discovery  of 
carbonic  acid  gas  by  Dr.B'f^ck,  it  has  been  ascertained 
that  this  elastic  fluid  always  constitutes  a  part  of  the  at- 
mosphere. The  constituent  parts  of  the  atmosphere 
,  therefore  arq. 
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1.  Air,  3.  Carbonic  acid  gas,  Chap. T. 

2.  Water,  4.  Unknown  bodies, 
aese  shall  form  the  subject  of  the  four  following  Sec- 
•ns.    But  before  proceeding  to  ascertain  their  proper- 
.5,  and  the  proportion  in  which  they  exist  in  air,  it 

11  be  worth  while  to  endeavour  to  calculate  the  a- 
omount  of  the  whole  of  the  atmosphere  whiclt  surrounds 
the  earth.    This  will  put  it  in  olir  power  to  state  the 
amount  of  its  different  constituent  parts,  and  of  course 
tto  see  how  far  the  quantities  of  each  agree  with  the  dif- 
ferent chemical  theories  which  have  been  maintained 
concerning  the  influence  of  these  bodies  on  the  different 
ikingdoms  of  nature. 

Mechanical  philosophers  have  demonstrated,  that  the  Its  absolute 
\ weight  of  a  column  of  the  atmosphere,  whose  base  is 
aan  inch  square,  is  equal  to  a  column  of  mercurj  of  the 
ssame  base,  and  balanced  by  the  atmosphere  in  the  ba- 
irometrical  tube.  Now  let  us  suppose  the  mean  height 
fof  the  barometer  to  amount  to  nearly  30  inches.  Let 
IR  denote  the  radius  of  the  earth,  r  the  height  of  the 
imercury  in  the  barometer,  tt  the  ratio  between  the  cir- 
ccumference  of  a  circle  and  its  diameter.  The  solidity 
4  w  R ' 

(of  the  earth  is  — - — ;  the  solidity  of  the  sphere  com- 

] posed  of  the  earth,  and  a  quantity  of  mercury  sur- 
rounding it  equal  to  the  weight  of  the  atmosphere,  is 

.4  TT  -f-  0  _  Consequently  the  solidity  of  the  hollow 
fsphere  of  mercury  equal  to  the  weight  of  the  atmo- 

^sphere,  is  ^    ^   1-=  4  ^  (R' r-f-r^  R 

3  3 

■rj-— ^,  or,  neglecting  the  terms  containing  andr', 

3 
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Book  I.  4  B-R*  r.  This  formula,  by  substituting  for  aiid 
r,  their  known  values,  gives  us  the  solidity  of  the  hoL 
low  sphere  of  mercury  in  cubic  feet.  But  a  cubic  foot 
of  mercury  -is  nearly  equal  to  135,000  avoirdupoi , 
ounces.  Hence  the  mean  weight  of  the  atmosphen 
amounts  to  about  11911163227258181818  lbs.  avoir- 
dupois. 


SECT.  I. 

OF  AIR. 

The  word  air  seems  to  have  been  used  at  first  to  have 
^  denoted  the  atmosphere  in  general;  but  philosopher 

Airanclas-  afterwards  restricted  it  to  the  elastic  fluid,  which  con- 
tic  fluid.      stitutes  the  greatest  and  tlie  most  important  part  of  the 
atmosphere,  excluding  the  water  and  the  otjier  foreign 
bodies  which  are  occasionally  found  mixed  with  it.  Fc 
many  years  all  permanently  elastic  fluids  were  consi- 
dered as  air,  from  whatever  combinations  they  were  ex- 
tricated, and  supposed  to  possess  exactly  the  same  pro- 
perties with  the  air  of  the  atmosphere.    It  is  true,  in- 
deed, that  Van  Helmont  suspected  that  elastic  fluid 
possessed  diflferent  properties;  and  that  Boyle  ascertain- 
ed that  all  elastic  fluids  were  not  capable  of  supporting 
combustion  like  air.  But  it  was  not  till  the  discoverie? 
of  Cavendish  and  Priestley  had  demonstrated  the  pecu 
liar  properties  of  a  variety  of  elastic  fluids,  that  philo- 
sophers became  sensible  that  there  existed  a  variety  of  ■ 
species  of  them.    In  consequence  of  this  discovery,  the  ' 
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iVord  oir  became  generic,  and  was  applied  by  Priestley^  ,  ^^^P- 
aid  the  British  and  Swedish  philosophers  in  general,  to 
ill  permanently  elastic  fluids,  while  the  air  of  the  at- 
mosphere was  distinguished  by  the  epithets  of  common 
ur  atmospheric  air :  but  Macquer  thought  proper  to  ap- 
lily  the  term  gas,  first  employed  by  Van  Helmont,  to  all  - 
taermanently  elastic  fluids  except  comtnon  air,  and  to 
tonfine  the  term  air  to  this  last  fluid.  This  innovation 
iTas  scarcely  necessary  ;  but  as  it  has  now  been  gene- 
rally adopted,  it  will  be  proper  to  follow  it.  By  the 
rvord  <7/V,  then,  in  this  Section,  I  mean  only  common 
■.'.ir,  or  the  fluid  which  forms  by  far  the  greatest  part  of 
he  atmosphere. 

The  foreign  bodies  which  are  mixed  or  united  with 
iir  in  the  atmosphere  are  so  minute  in  quantity  compa- 
eed  to  it,  that  they  have  no  very  sensible  influence  on 
t:s  properties.  We  may  therefore  consider  atmospheric 
iir,  when  in  its  usual  state  of  dryness,  as  sufficiently 
lure  for  examination. 

I.  Air  is  an  elastic  fluid,  invisible  indeed^  but  easily 
j;cognised  by  its  properties.  Its  specific  gravity,  ac-  Specific 
cording  to  the  experiments  of  Sir  George  Shuckbargh, 
r'hen  the  barometer  is  at  30  inches,  and  the  thermome- 
ter between  50°  and  60°,  is  0.0012,  or  816  times  light- 
r:  than  water.  One  hundred  cubic  inches  of  air  weigh 
31  grains  troy. 

But  as  air  is  an  elastic  fluid,  and  compressed  at  the  Density, 
arface  of  the  earth  by  the  whole  weight  of  the  incum- 
eent  atmosphere,  its  density  diminishes  according  to  its 
ceight  above  the  surface  of  the  earth.  From  the  expe- 
;.ments  of  Paschal,  Deluc,  General  Roy,  &:c.  it  has 
teen  ascertained,  that  the  density  diminishes  in  the  ra- 
Jo  of  the  compression.    Consequently  the  density  de- 
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Dilatability. 


Colour. 


creases  in  a  geometrical  progression,  while  the  heights 
increase  in  an  arithmetical  progression. 

Bouguer  had  suspected,  from  his  observations  made 
on  the  Andes,  that  at  considerable  heights  the  densitj 
of  the  air  is  no  longer  proportional  to  the  compressing 
force  *  ;  but  the  experiments  of  Saussure  junior,  made 
upon  Mount  Rose,  have  demonstrated  the  contrarjf. 

2.  Air  is  dilated  by  heat.  From  the  experiments  of' 
General  Roy  and  Sir  George  Shuckburgh,  compared 
with  those  of  Trembley,  &c.  it  appears,  that  at  the  tem- 
perature of  60°,  every  degree  of  temperature  increases 
the  bulk  of  air  about  ^  part.  But  the  experiments  of 
Du  Vernois  and  Morveau,  which  gives  us  the  dilatation 
of  air  for  every  degree  of  Reaumur  from  o*^  to  80°,  t 
have  been  given  in  a  former  part  of  this  Work,  and 
they  are  the  most  complete  which  have  hitherto  ap- 
peared. 

3.  The  specific  caloric  of  air,  according  to  the  expe- 
riments of  Dr  Crawford,  is  1.79. 

4.  Although  the  sky  is  well  known  to  have  a  Talue 
colour,  yet  it  cannot  be  doubted  that  air  .itself  is  alto- 
gether colourless  and  invisible.  The  blue  colour  of  the 
sky  is  occasioned  by  the  vapours  which  are  always  mix- 
ed with  the  air,  and  which  have  the  property  of  reflect- 1 
ing  the  blue  rays  more  copiously  than  any  othel-.  This 
has  been  proved  by  the  experiments  which  Saussure 
made  with  his  cyanometer  at  different  heights  above  the 
surface  of  the  earth.  This  consisted  of  a  circular  band 
of  paper,  divided  into  51  parts,  each  of  which  were  jc 
paiilted  with  a  diiferert  shade  of  blue  ;  beginning  with 
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While  Scheele  was  occupied  with  his  experiments  on 
,  Lavoisier  was  assiduously  employed  on  the  same 
nject,  and  was  led  by  a  different  road  to  precisely  the 
ne  conclusion  as  Scheele.    By  oxidatinj^  mercury  in 
vessel  filled  with  common  air,  and  heated  to  the  boil- 
ig  point  of  mercury,  he  abstracted  the  greater  part  of 
oxygen  gas;  and  by  heating  the  red  oxide  thus  form- 
.  he  reconverted  it  into  mercury,  while  at  the  same 
e  a  quantity  of  oxygen  gas  was  extricated.    The  re- 
uum  in  the  first  experiment  possessed  the  properties 
t  azotic  gas  ;  but  when  the  oxygen  gns  extricated  from 
lie  mercury  was  added  to  it,  the  mixture  assumed  again 
le  propertiv*3  of  common  air.    Hence  he  concluded 
lat  air  is  composed  of  azotic  gas  and  oxygen  ;  and  from 
variety  of  experiments  he  determined  the  proportions 
))  be  73  parts  of  azotic  gas  and  27  parts  of  oxygen  gas. 
le  demonstrated,  too,  that  when  air  is  diminished  by 
cquid  sulphurcts,  metals,  &c.  the  oxygen  gas  which  is 
:Dstracted  combmes  with  the  sulphurets,  &c.  and  con- 
sorts them  into  acids  or  oxides  according  to  tlieir  re- 
)Dectrve  nature.  But  as  all  these  experiments  have  been 
;  ready  detaiLd  in  t'  e  First  Part  of  this  Work,  it  is  un- 
cessary  to  be  more  particular  in  this  place. 

Air,  then,  is  a  compound  of  oxygen  and  azotic  gas  :  Aircom- 
,  .  .  •Ill  posed  of 

LJt  It  becomes  a  question  01  considerable  consequence  oxygen 

)  determine  the  proportion  of  these  two  ingredients,  azotic 

id  to  ascertain  whether  that  proportion  is  in  every 

lise  the  same.    Since  azotic  gas,  one  of  the  component 

arts  of  that  fluid,  cannot  be  separated  by  any  substance 

ith  which  chemists  are  acquainted,  the  analysis  of  air 

nn  only  be  attemfited  by  exposing  it  to  the  action  of 

nose  bodies  which  have  the  property  of  absorbing  its 

ixygen.  By  these  bodies  the  oxygen  gas  is  separated,  and 

Vol.  111.  R 
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,  t^ie  azotic  gas  is  left  behind,  and  the  proportion  of 
oxygen  may  be  ascertained  by  the  diminution  of  bulk 
whicli,  once  known,  it  is  easy  to  ascertain  the  proper- 
tion  of  azotic  gas,  and  thus  to  determine  the  exact  rela- 
tive quantity  of  the  component  parts. 
Methodof       After  the  composition  of  the  atmosphere  was  know,: 

ascertain-  i  •  • 

ingthepro-  to  philosophers,  it  was  taken  for  granted  that  tlie  prop"-.:  - 
hs  compo^-    ^^^^  oiks  oxygen  varies  in  different  times  and  in  diderc 
nent  parts,    places;  and  that  upon  this  variation  the  purity  or  no: 
ous  qualities  of  air  depended.    Hence  it  became  an  ob- 
ject of  the  greatest  importance  to  be  in  possession  of  a 
method  of  determining  readily  the  quantity  of  oxygen 
in  a  given  portion  of  air.    Accordingly  vapious  methc 
were  proposed,  all*  of  them  depending  upon  tlie  pro- 
perty which  a  variety  of  bodies  possesses  of  absorbing 
khc  oxygen  of  the  air,  without  acting  upon  its  azc 
These  bodies  were  mixed  w^ith  a  certain  known  quantity 
of  atmospheric  air,  in  graduated  glass  vessels  inverted 
over  water,  and  the  proportion  of  oxygen  was  deter- 
mined by  the  diminution  of  bulk.     Fiiese  instrumenia 
received  the  name  of  eudiometers,  because  they  were 
considered  as  measurers  of  the  purity  of  air.    The  ei  - 
diometers  proposed  by  different  chemists  may  be  re- 
duced to  five. 

Eudiometer      i.  The  first  eudiometer  was  made  in  consequence  of 

of  Pricstlcv  •  '  -  ^ 

and  Tonta-  Priestley's  discovery,  that  when  nitrous  gas  is  mixedJ 
with  air  over  water,  the  bulk  of  the  mixture  dimiiiishea 
rapidly,  in  consequence  of  the  combination  of  the  gafl 
with  the  oxygen  of  the  air,  and  the  absorption  of  tha 
nitric  acid  thus  for.ned  by  the  water.  When  nitrous 
gas  is  mixed  with  azotic  gas,  no  diminution  at  all  takea 
place.  Whc!i  it  is  mixed  with  oxygen  gas  in  propOT 
proportions,  the  absorption  is  complete.    Hence  it  ia 

I 
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.  ident,  that  in  all  cases  of  a  mixture  of  these  two 
uses,  the  diminution  will  be  proportional  to  the  quan- 
y  of  the  oxygen.    Of  course  it  will  indicate  the  pro- 
n  tion  of  oxygen  in  air  ;  and  by  mixing  it  with  diife- 
nt  portions  of  air,  it  will  indicate  the  different  quan- 
les  of  oxygen  which  they  contain,  provided  the  com- 
nent  parts  of  air  be  susceptible  of  variation.  Dr 
'riestley's  method  was  to  mix  together  equal  bulks  of 
r  and  nitrous  gas  in  a  low  jar,  and  then  to  transfer 
b.s  mixture  into  a  narrow  graduated  glass  tube  about 
ree  feet  long,  in  order  to  measure  the  diminution 
bulk.   He  expressed  this  diminution  by  the  number 
hundred  parts  remaining.    Thus,  suppose  he  had 
:iixed  together  equal  parts  of  nitrous  gas  and  air,  the 
m  total  of  this  mixture  was  200  (or  2.00)  :  suppose 
residuum  when  measured  in  the  graduated  tube  to 
ount  to  104  (or  1.04),  and  of  course  that  96  parts 
the  whole  had  disappeared,  he  denoted  the  purity  of 
;;e  air  thus  tried  by  104.    A  more  convenient  instru- 
.icnt  was  invented  by  Dr  Falconer  of  Bath  ;  and  Fon- 
aiia  greatly  improved  this  method  of  measuring  the 
rity  of  air.  A  description  of  his  eudiometer  was  pub- 
hed  by  Ingenhoutz  in  the  first  volume  of  his  Experi-» 
i.jnts;  it  was  still  farther  improved  by  Cavendish  in 
11783  *;  and  Humbolt  has  lately  made  a  very  laborious 
Siet  of  experiments  in  order  to  bring  it  to  "a  state  of 
:2omplete  accuracy.    But  after  all  the  exertions  of  these 
[philosophers,  the  method  of  analysing  air  by  means  of 
initrous  gas  is  liable  to  so  many  anomalies,  that  it  can- 
inot  be  depended  on. 

Priestley  and  Fontana  have  proved,  that  the  way  of 
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mixing  the  two  airs  occasions  a  great  difference  in  the 
result  •,  the  figure  of  the  vessel  i  is  equally  important,  and 
so  is  the  water  over  which  the  mixture  is  made.  And' 
even  when  all  these  things  are  the  same,  impurity  of 
the  nitrous  gas  may  occasion  the  most  enormous  diffe- 
rences in  the  results. 

Hu IT) bolt  has  shown,  that  the  nitrous  gas  ought  to  be 
prepared  by  means  of  nitric  acid  of  the  density  1.170  ; 
when  a  much  stronger  or  weaker  acid  is  employed,  the 
gas  produced  is  always  contaminated  with  a  great  pro- 
portion of  azotic  gas.  He  has  pointed  out  the  solution 
of  sulphat  of  iron,  as  proper  to  ascertain  the  purity  of 
the  nitrous  gas  employed,  by  absorbing  the  nitrous  pas 
and  leaving  the  azotic  gas  or  other  foreign  gases.  He 
has  shown,  that  when  nitrous  gas  of  the  same  degree  of 
purity  is  made  to  mix  very  slowly  with  air,  the  vestvl 
being  carefully  agitated  during  the  mixture,  the  results, 
provided  the  experiment  be  performed  with  address, 
correspond  with  each  other.  And  he  has  made  it  pro- 
bable, that  when  equal  quantities  of  air  and  nitrous  gas, 
so  pure  as  to  contain  only  about  0.1  of  azotic  gas  mixed 
with  it,  are  agitated  together  slowly  over  water,  the  di- 
minution divided  by  ;;.55  gives  the  quantity  of  oxygen 
contained  in  the  air  examined.  Bufnotwirhhtanding 
the  ingenuity  of  his  experiments,  the  anomalies  attend- 
ing this  method  are  still  so  great  as  not  to  render  it 
susceptible  of  accuracy  For  that  reason  I  think  it  un- 
necessary to  give  a  particular  description  of  the  different 
eudiopieters  invented  to  ascertain  the  purity  of  air  by 
means  of  nitrous  jias.  The  result  of  the  numerous  ex- 
periments which  have  been  made  with  nitrous  gas  is, 
that  the  proportion  of  oxygen  in  atmospheric  air  varies 
in  different  places  and  at  different  times.    The  mini- 
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am  is  about  0.22,  the  maximum  about  0.30  j  con-  Chap.I.  ^ 
.juently  if  tliis  method  of  a.'ialysing  air  is  to  be  de- 
)eude(I  erf,  we  must  consider  tliat  fluid,  not  as  a  per- 
nnanent  chemical  compound,  but  as  a  body  subjected  to 
III  t!ie  variations  to  which  accidental  mixtures  are 
iable. 

2.  The  second  kind  of  eudiometer  was  proposed  by  Eudiometer 
7olta.    The  substance  employed  by  that  philosopher 

00  separate  the  oxygen  from  the  air  was  hydrogen  gas. 
His  method  was  to  mix  given  proportions  of  the  air  to 
oe  examined  and  hydrogen  gas  in  a  graduated  glass 
ube  j  to  fire  the  mixture  by  an  electric  spark  ;  and  ,to 
.udge  of  the  purity  of  the  air  by  the  bulk  of  the  resi- 
iuum.  But  this  method  is  not  susceptible  of  so  great 
t  degree  of  accuracy  as  the  preceding,  when  the  object 
ss  to  ascertain  the  precise  quantity  of  oxygen  gas  in  a 
j^iven  bulk  of  air.  For  if  too  little  hydrogen  gas  be 
mixed  with  the  aii*,  not  only  the  whole  of  the  oxygen 
iwill  not  be  abstracted,  but  a  portion  of  the  azot  will 
disappear  in  consequence  of  the  formation  of  nitric 
ticid.  On  the  other  hand,  if  too  much  hydrogen  be 
lidded,  part  of  it  will  remain  after  the  firing  of  the 
juixture,  and  increase  the  bulk  of  the  residuum.  Volta's 
audiometer,  then,  though  it  may  have  its  uses,  is  scarce- 
ly susceptible  of  giving  us  the  analysis  of  air. 

3.  For  the  third  kind  of  eudiometer,  we  are  indebted  Eudiometer 
Ito  Scheelc.    It  is  merely  a  graduated  glass  vessel,  con-  '^^^^^^^^ 
Itaiuing  a  given  quantity  of  air  exposed  to  newly  pre- 
pared liquid  alkalme  or  earthy  sulphurets,  or  to  a  mixr 

iture  of  iron-filings  and  sulphur,  formed  into  a  paste 
^with  water.    These  substances  absorb  the  whole  of  the 
:oxygen  of  the  air,  which  converts  a  portion  of  the  sul- 
phur into  an  acid.    The  oxygen  contained  in  the  air 
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.  ^-  thus  examined,  is  judged  of  by  the  diminution  of  bulk 
which  the  air  has  undergone.  This  method  is  not  only 
exceedingly  simple,  but  it  requires  very  little  address, 
and  yet  is  susceptible  of  as  great  accuracy  as  any  other 
whatever.  The  only  objection  to  which  it  is  liable  is 
its  slowness  ;  for  when  the  quantity  of  air  operated  on 
is  considerable,  several  days  elapse  before  the  diminu- 
tion has  reached  its  maximum, 
b^DeMar  '^^^  objection  has  been  completely  obviated  by 

ti.  Mr  De  Marti,  who  has  brought  Scheele's  eudiometer  to 

a  state  of  perfection.  He  found  that  a  mixture  of  iron 
filings  and  sulphur  does  not  aiiswer  well,  because  it  emits 
a  small  quantity  of  hydrogen  gas,  evolved  by  the  action 
of  the  sulphuric  acid  formed  by  the  absorption  of  the 
oxygen  of  the  air  upon  the  iron ;  but  the  hydrogena- 
•ted  sulphurets,  formed  by  boiling  together  sulphur  and 
liquid  potass  or  lime-water,  answered  the  purpose  p: 
fectly.  These  substances,  indeed,  when  newly  prej  - 
red,  have  the  property  of  absorbing  a  small  portion  of 
azotic  gas  ;  but  they  lose  this  property  when  saturai 
ted  with  that  gas,  which  is  easily  affected  by  agitati" 
them  for  a  few  minutes  with  a  small  portion  of  atmo^ 
spheric  air.  His  apparatus  is  merely  a  glass  tul 
'  ten  inches  long,  and  rather  less  than  half  an  inch  in  d 
ameter,  open  at  one  end,  and  hermetically  sealed  at  t^ 
other.  The  close  end  is  divided  into  100  equal  parts 
having  an  interval  of  one  line  between  each  divisio" 
The  use  of  this  tube  is  to  measure  the  portion  of  air 
be  employed  in  the  experiment.  The  tube  is  fill 
with  water  ;  and  by  allowing  the  water  to  run  out  gr 
dually  while  the  tube  is  inverted,  and  the  open  en4s 
kept  shut  with  the  finger,  the  graduated  part  is  exactly 
filled  with  air.    These  hundred  parts  of  air  are  intro* 


AIR. 


263 


iced  into  a  glass  bottle  filled  with  liquid  sulphuret  of   ^  Chap.  T. 
ne  previously  saturated  with  azotic  gas,  aud  capable 
.  holding  from  two  to  four  times  the  bulk  of  the  air 
itioduced.    The  botile  is  then  to  be  corked  with  a 
i  ound  glass  stopper,  and  agitated  for  five  minutes.'  Af- 
•  this  the  cork  is  to  be  withdrawn  while  the  mouth 
the  phial  is  under  water  ;  and  for  the  greater  secu- 
'V,  it  may  be  corked  and  agitated  again.    After  this, 
c  air  is  to  be  again  transferred  to  the_ graduated  glass 
ube,  in  order  to  ascertain  the  diminution  of  its  bulk*. 
Air.  examined  by  this  process,  suffers  precisely  the 
me  diminution  in  whatever  circumstances  the  expe- 
iments  are  made :  no  variation  is  observed  whether 
he  wind  be  high  or  low,  or  from  what  quarter  soever 
t  blows  ;  whether  the  air  tried  be  moist  or  dry,  hot  or 
!  1  ;  whether^the  barometer  be  high  or  low.  Nei- 
r  the  season^  of  the  year,  nor  the  situation  of  the 
ce,  its  vicinity  to  the  sea,  to  marshes,  or  to  moun- 
;;ains,  make  any  difference.    Mr  De  Marti  found  the 
lliminution  always  between  0.21  and  0,23.    Hence  we 
may  conclude  that  air  is  composed  of 

0.78  azotic  gas 
022  oxygen  gas 

1. 00 

IScheele  indeed  found,  that  the  absorption  amounted  to 
CO.  27  *  ;  but  that  was  because  he  ne,glected  to  saturate 
fhih  sulphuret  with  azotic  gas  ;  for'when  the  portion  of 
sazotic  gas  which  must  have  been  absorbed,  and  which 
lhas  been  indicated  by  Ds  Marti,  is  subti  acted,  the  pot- 
ition  of  oxygen  in  air,  as  indicated  by  his  experiments, 


*  Jour,  de  Pbys.  iii.  176.  *  Scheele,  ii.  i. 
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is  reduced  very  neaals'  to  0.22,  The  trifling  varlatiom 
perceptible  in  his  experiments  were  no  doubt  owing  to 
the  quantities  of  the  mixture  of  sulphur  and  iron,  by 
which  he  abstracted  the  oxygen,  not  being  exactly  the 
same  at  different  times  j  the  consequence  of  whicli'|' 
would  be  an  unequal  absorption  of  azotic  gas. 

4.  In  the  fourth  kind  of  eudiometer,  the  abstractioai 
of  the  oxygen  of  air  is  accomplished  by  means  of  phos. 
phorus.  This  eudiometer  was  first  proposed  by  A- 
chard  *.  It  was  considerably  improved  by  Reboulf, , 
and  by  Seguin  and  Lavoisier  J  ;  but  Berthollet  §  has'- 
lately  brought  it  to  a  state  of  perfection,  as  it  is  equals, 
ly  simple  with  the  eudiometer  of  De  Marti,  and  scarce-f 
ly  inferior  to  it  in  precision. 

Instead  of  the  rapid  combustion  of  phosphorus,  this 
last  philosopher  has  substituted  its  spontaneous  com-i, 
bustion,  which  absorbs  the  oxygen  of  air  completely;! 
and  when  the  quantity  of  air  operated  on  is  small,  the 
process  is  over  in  a  short  time.    The  whole  apparatus 
consists  in  a  narrow  graduated  tube  of  glass  containing 
the  air  to  be  examined,  into  which  is  introduced  a  cy-* 
linder  of  phosphorus  fixed  upon  a  glass  rod,  while  the> 
tube  stands  inverted  over  water.     The  phosphorus 
should  be  so  long  as  to  traverse  nearly  the  wholo' 
of  the  air.     Immefliately  white  vapours  rise  from 
the  phosphorus  and  fill  the  tube.    These  continue  till 
the  whole  of  the  oxygen  combines  with  phosphorus/ 
They  consist  of  phosphorous  acid,  which  falls  by  its 
weight  to  the  bottom  of  the  vessel,  and  is  absorbed  by 


*  your,  de  Phyi.  1 784,  Vol.  i.  f  Ann.  de  Cbim.  xiiL  38. 

^  Ibid.  ix.  293. 

§  Ibid,  xxxiv.  73.  and  Jour,  de  I'EcoU  PoIytetLn.  I.  iii.  274. 
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water.  The  residuum  is  merely  the  azotic  gas  of  Chap.  I. 
i  air,  holding  a  portion  of  phosphorus  in  solution, 
jerthollet  has  ascertained,  that  by  this  foreign  body  its 
tailk  is  increased  -^^oth  part.  Consequently  the  bulk  of 
i4e  residuum,  diminished  by  j^,  gives  us  the  bulk  of 
lie  azotic  gas  of  the  air  examined ;  which  bulk  sub- 
racted  from  the  original  mass  of  air,  gives  us  the  pro- 
portion of  oxygen  gas  contained  in  it. 

All  the  diiferent  experiments  which  have  been  made 
iy  means  of  this  eudiometer  agree  precisely  in  their  re- 
luilt,  and  indicate  that  the  proportions  of  the  ingre- 
iients  of  air  are  al^'ays  the  same  ;  namely,  about  0.22 
aarts  of  oxygen  gas,  and  0.78  of  azotic  gas.  Berthol- 
it  found  these  proportions  in  Egypt  and  in  France,  and  I 
^ave  found  them  constantly  in  Edinburgh  in  all  the  dif- 
srent  seasons  of  the  year.  Thus  we  see  that  the  ana- 
ysis  of  air,  by  means  of  phosphorus,  agrees  precisely 
nth  its  analysis  by  means  of  hydrogenated  sulphurets. 

5.  The  fifth  eudiometer  has  been  larely  proposed  by 
yir  Davy.   In  it  the  substance  used  to  absorb  die  oxy- 
ren  from  air  is  a  solution  of  sulphat  or  muriat  of  iron 
Dti  water,  and  impregnated  with  nitrous  gas,    A  small 
rraduated  glass  tube,  filled  with  the  air  to  be  examined, 
ss  plunged  into  the  nitrous  solution,  and  moved  a  little 
lackwards  and  forwards.    The  whole  of  the  oxygen  is 
bsorbed  in  a  few  minutes.    Ihe  state  of  greatest  ab-  ^ 
orption  ought  to  be  marked,  as  the  mixture  afterwards 
imits  a  little  gas  which  would  alfer  the  result.  By 
neans  of  this  and  the  two  preceding  eudiometers,  Mr 
Oavy  examined  the  air  at  Bristol,  and  found  it  always 
o  contain  about  0.21  of  oxygen.    Air  sent  to  Dr  Bed- 
ioes  from  the  coast  of  Guinea  gave  exactly  the  same 
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.        ^'     result.     This  eudiomcccrr,  theii,  c.jrresponds  exactl 

with  the  two  last 
aKci'ia'^i"^       In  all  these  different  methods  of  analysing  aic,  ic,i 
mgthc:  den-  necessary  to  operate:  on  air  of  a  dtterininatfc  density,  a 

sjty  ol  the  .  .  '  • 

air  operated  to  take  cace  that  the  rdsidunm  be  neither  more  cond 


sed  nor  dilated  than  the  .iir  was  when  first  operated 
If  these  things  art-  not  attendod  to,  no  dependance  wh 
ever  can  be  placed  npon  the  result  of  the  experimen" 
how  carefully  soever  they  may  have  been  perfor 
ed.  Now  there  are  three  things  which  alter  the  v 
lume  of  air  and  other  elastic  fluic'.s:  i.  A  change  in  t 
height  of  the  barometer.  2.  An  increase  or  diminutiori 
of  their  quantity ;  the  vessel  in  which  they  are  contain- 
ed remaining  the  same,  and  standing  in  the  same  quan- 
tity of  water  or  mercury.  3.  A  change  in  the  tempe-, 
lature  of  the  air. 
How  to  re-       I.  The  density  of  air  and  other  elastic  fluids  is  al-i 

duce  air  to  ...  •       r  -ki  , 

a  given  ba-  ways  proportional  to  the  compressing  torce.  islow  thej' 

rometncal  ^^.^  compressed  by  the  weight  of  the  atmosphere,  whiclij 
pressure.       _  -  ^  .  . 

is  measured  by  the  barometer.    If  that  weight  dimi- 
nishes, their  density  diminishes  in  proportion,  and  o& 
course  their  bulk  increases  :  if  the  weight  of  tlie  atmo- 
sphere increases,  their  density  increases,  and  their  bulk 
diminishes  in  the  same  proportion.  Consequently  if  the 
height  of  the  barometer  varies  during  an  experiment,, 
the  bulk  of  the  residuum  will  not  be  the  same  that  it 
would  have  been  if  no  such  change  had  taken  pla- 1 .  We 
will  therefore  commit  an  error  unless  we  reduce  the 
bulk  of  the  residuum  to  what  it  would  have  been  if  no 
such  alteration  had  taken  place.    This  is  easily  done  by 
a  very  siu^ple  formula. 


•  JPhil.  Mag.  X.  56. 
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it  has  been  ascertained  by  philosophers,  that  the  vo-  Chap,  i.  ^ 
nies  of  air  are  alwaj'^s  inversely  as  the  compressing 
ces.  Therefore  let  m  be  the  height  of  the  baruine- 
at  the  commencement  of  an  experiment,  «  its  height 
the  end ;  n)  the  volume  of  the  gas  when  the  barorae- 
is  at  «,  and  x  its  volume  supposing  the  barometer  at 

We  have  n  :  m  :  :  x  :  v.    Consequently  x  —  '-^-^ 

m 

50  that  to  find  the  volume  required,  we  have  only  to 
lultiply  the  volume  obtained  by  the  actual  height  of 
lie  barometer,  and  divide  by  the  height  of  the  barome- 
•.;r  at  which  we  want  to  know  the  volume  :  And,  in 
eneral,  to  reduce  a  volume  of  air  to  the  volume  it 
"■ould  occupy,  supposing  the  barometer  at  30  inches, 
<r&  have  only  to  use  the  above  formula,  substituting  30 
u  place  of  m. 

2.  When  air  is  confined  in  a  jar  standing  over  water  To  reduce 
r  mercury,  its  density  is  not  the  same  with  that  of  the  density  of 
ttmosphere,  unless  its  lower  suirface  in  the  jar  be  ex- 
cctly  level  with  the  surface  of  the  liquid  in  the  tub  in 
'/hich  it  stands.  Let  A  (fig.  36.)  be  a  jar  containing  air, 
nd  BC  the  surface  of  the  water  or  mercury  in  the  tub  in 
Hiich  the  jar  is  inverted  ;  the  air  within  the  jar  is  not 
if  the  same  density  with  the  external  air,  unless  it  fills 
:xactly  that  part  of  the  jar  above  BC.    If  it  fill  only 
hat  part  of  it  between  A  and  D  while  the  water  or 
mercury  rises  to  D,  the  air  will  be  more  dilated  than 
.he  external  air,  because  it  is  compressed  only  by  the 
^;veight  of  the  atmosphere,  diminished  by  the  column  of 
mercury  or  water  D  m.    On  the  other  hand,  if  the  wa- 
er  or  mercury  only  rise  in  the  jar  to  E,  the  air  within 
fit  will  be  denser  than  the  external,  because  it  is  com- 
)ptessed  by  the  weight  of  the  atmosphere,  and  also  by 
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^-  ,  the  column  of  water  or  air  mE,  It  is  proper  therefore 
in  all  caoes,  to  biiug  the  lower  surface  of  the  air  in  th> 
jar  to  the  same  level  with  the  surface  of  the  v/ater  r. 
mercury  in  the  trough.  But  in  eudiometrical  exp 
ments  this  is  often  impossible  ;  because  part  of  the  aii 
being  absorbed,  though  the  water  or  mercury  ovei 
which  it  stands  at  first  only  rose  to  m,  yet  the  absorp- 
tion which  takes  place  occasions  it  to  rise  to  some  lim 
D  above  /;/.  Hence  the  air  which  remains  after 
experiment  is  in  a  state  of  dilatation,  and  must  be  rt 
ced  by  caicul.ition  to  the  volume  which  it  would  occu 
py  were  it  in  the  same  state  of  compression  as  at  the 
commencement  of  the  experiment.  This  is  easily  do 
by  the  following  formula. 

Let  us  siippce  the  experiment  is  made  over  mcrcu 
ry.  Let  H  be  the  heiglit  of  the  barometer  at  the  com- 
meneement  of  the  experiment,  o  the  length  of  the  co- 
liimn  of  mercury  fnT>,  v  the  volume  of  the  air  in  AD^ 
and  *  the  volume  required,  or  tlie  volume  which  the 
air  would  have  supposing  D  to  coincide  with  m.  Thent 

we  have  H  ;  H  —  h  :  -.v:  x.  And  x  — ^.  Tiius; 

H 

let  H  be  30  inches,  h  =■  Q  inches,  and  v=  200  cubic 
inches;  then  x  i66y  cubic  inches;  so  that  witlicut 
this  correction  the  error  would  amount  to  no  less  than; 
33^  cubic  inches,  or  about  the  sixth  part  of  the  whole. 
When  the  experiment  is  made  over  water,  the  same 
formula  applies;  only  in  that  case  H  must  be  multi-j 
plied  by  13.6,  because  a  column  of  water  13.6  time 
longer  than  mercury  is  necessary  to  produce  the  sar 
pressure.  In  that  case,  supposing  the  numbers  th^ 
same  as  before,  x  would  he  =  ig-j^;  so  that  the  errol 
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L  water  is  only  2I  inches,  or  the  80th  part  of  the     Chap.  I, 
le. 

,  A  change  in  the  temperature  maj  be  more  easily  Allowance 
rded  against  in  eudiometrical  experiments,  as  they  ^aturc?^^ 
asu  il]_y  made  within  doors  :  but  when  it  does  hap- 
,  it  occa^'ions  an  alteration  in  the  volume  of  the  air; 
Increase  of  temperature  dilating  it,  and  a  diminution 
L  jmpi-rature  occasioning  a  condensation.    This  error 
\j  be  easily  corrected  in  air  and  all  other  gases,  by 
:3re.ising  or  diminishing  their  apparent  bulk  for  every 
;gree  of  change  in  the  thermometer,  according  to  the 
ible  of  the  dilations  of  the  gases  formerly  given  *. 

^We  may  consider  it  as  established  by  experiment,  Compdsi- 

.    .  ,    /.  p  JO/-  tion  of  air. 

•at  air  is  composed  ot  0.22  01  oxygen  gas,  and  0.70  ot 

otic  gas  by  bulk.  But  as  the  weight  of  these  two 
;se5  is  not  ex  actly  the  same,  the  proportion  of  the  com- 
ment parts  by  weight  will  differ  a  little  :  For  as  the 
eecific  gravity  of  oxygen  gas  is  to  that  of  azotic  gas  as 
5  :  1 15,  it  follows  that  100  parts  of  air  are  composed 
•  weight  of  about  74  azotic  gas 

26  oxygen  gas 
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lich  differs  very  little  from  the  determination  of  La- 
iisier,  provided  that  philosoplier  meant  to  denote  by 
5  numbers  the  weight  and  not  the  volume  of  the  com- 
•nent  parts  of  air. 

7.  Having  thus  ascertai?ied  the  nature  and  the  pro-  Ajrache- 

...  mical  come 

nrtion  of  the  component  parts  of  air,  it  remains  only  pound. 

enquire  in  what  manner  these  componen-  parts  are 

lited.  Are  they  merely  mixed  together  mechanically. 


*  Volume  I.  p.  469. 
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or  are  they  combined  chemically  ?  Is  air  a  mechanics 
mixture  or  a  chemical  compound?  Philosophers  seem : 
first  to  have  adopted  the  former  of  these  opinions,  if  wfli 
except  Scheeley  who  always  considered  air  as  a  chemi^ 
cal  compound.    But  the  supposition  that  air  is  a  rneJ' 
chanical  mixture,  by  no  means  agrees  with  the  phenoJ 
mena  which  it  exhibits.    If  the  two  gases  were  onlji 
mixed  together  as  their  specific  gravity  is  different,  ii 
is  scarcely  possible  that  they  would  be  uniformly  mixJ 
ed  in  every  part  of  the  atmosphere.    Even  Mr  Dal<| 
ton*s  ingenious  supposition,  that  they  neither  attra 
nor  repel  each  other^  would  not  account  for  this  eqi 
distribution:  for  undoubtedly,  on  that  supposition,  the 
Would  arrange  themselves  according  to  their  specifi 
gravity.    Since  therefore  air  is  in  all  places  compose 
of  the  same  ingredients,  exactly  in  the  same  propor 
tions,  it  follows  th-at  its  component  pans  are  not  onl 
mixed,  but  actually  combined.    When  substances  di£ 
fering  in  specific  gravity  combine  together,  the  specifi 
gravity  of  the  compound  is  usually  greater  than  th 
mean.    This  holds  also  with  respect  to  air.    The  sp" 
cific  gravity,  by  calculation,  amounts  only  to  o.ooil 
whereas  it  actually  is  0.0012  ;  a  difference  by  no  me- 
inconsiderable.     But  perhaps  the  specific  gravity 
azotic  and  oxygen  gas  can  scarcely  be  considered 
known  with  such  precision  as  to  entitle  us  to  draw  an' 
consequence  from  this  difference. 

But  the  difference  between  air  and  a  mere  mixture  0 
its  two  component  parts  has  been  demonstrated  by  t' 
experiments  of  Morozzo  and  ILimbolt.    l*he  artifici 
mixture  is  much  more  diminished  by  nitrous  gas  th" 
air,  even  when  the  mixture  contains  less  oxygen  *. 


*  Hiuiibolt,  Ann.  de  Cbim.  xxviii,  l6i. 


WATER. 

pports  flame  better  an  1  longer,  and  animals  do  not 
e  in  it  the  same  umc  thut  thej  do  in  an  equal  por- 
m  of  air,  but  longer  f. 

'We  must  therefore  consider  air  as  a  chemical  com- 
und.  Hence  the  reason  that  i:  is  in  all  cases  the 
;ne,  notwithstanding  the  numerous  decomposing  pro- 
3ses  to  which  it  is  subjected.    The  breathing  of  anl- 

iils,  combustion,  and  a  thousand  other  operations,  are 

instantly  abstracting  its  oxvgen,  and  dtcomposing  it. 

ae  air  thus  decomposed  or  vitiated  no  doubt  ascends 
the  atmosphere,  and  is  again,  bj  some  unknown  pro- 
ss  or  other,  reconverted  into  atmospherical  air.  But 
e  natuiC  of  these  changes  is  at  present  concealed  un- 

rr  an  impenetrable  veil. 


SECT.  II. 

OF  WATER. 


.  HAT  the  atmosphere  contains  water,  has  been  always  Watcr  of 

nown.  The  rain  and  dew  which  so  often  precipitate  'l^f  a*"^<^ 
■  r       r  sphere 

com  it,  the  clouds  and  fogs  with  which  it  is"  often  ob- 
ured,  and  which  deposite  moisture  on  all  bodies  ex- 
tsed  to  them,  have  demonstrated  its  existence  in  eve- 
■'  atre.  Even  when  the  atmosphere  is  perfectly  trans- 
Hrent,  water  may  be  extracted  from  it  in  abundance 
y  certain  substances.  Thus  if  concentrated  sulphuric 
!:id  be  exposed  to  air,  it  gradually  attracts  so  much 


f  Morozzo,  Jour,  de  Pbys.  xlvii.  203, 
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by  the  hy- 
grometer. 


moisture,  that  its  weight  is  increased  more  than  thre< 
times  :  it  is  converted  into  diluted  acid,  from  whi(^ 
the  water  may  be  separated  by  distillation.  Substances 
which  have  the  property  of  abstracting  water  from  the 
atmosphere,  have  received  the  epithet  of  hygroscopic 
because  they  point  out  the  presence  of  that  water.  Sul 
phuric  acid,  the  fixed  alkalies,  muriat  of  lime,  nitrat  ol 
lime,  and  in  general  all  deliquescent  salts,  possess  thij 
property.  The  greater  number  of  animal  and  vegetabL 
bodies  likewise  possess  it.    Many  of  them  take  watei 
from  moi«t  air,  but  give  it  out  again  to  the  air  wh 
dry.   These  bodies  augment  in  bulk  when  they  rect-ivi 
moisture,  and  diminish  again  when  they  part  with  it. 
Hence  some  of  them  have  been  employed  as  hygroi:it-* 
ters  or  measurers  of  the  quantity  of  moisture  contain-, 
ed  in  the  air  around  them.    This  they  do  by  means  ofi 
the  increase  or  diminution  of  their  length,  occasionccj 
by  the  addition  or  abstraction  of  moisture.  This  changes 
of  length  is  precisely  marked  by  means  of  an  index. 
The  most  ingenious  and  accurate  hygrometers  are  those! 
of  Saussure  and  Deluc.    In  the  first,  the  substance  em-* 
ployed  to  mark  the  moisture  is  a  human  hair,  which  by| 
its  contractions  and  dilatations  is  made  to  turn  round 
an  index.    In  the  second,  instead  of  a  hair,  a  very  fi: 
thin  slip  of  whalebone  is  employed.    The  scale  is  di. 
vided  into  ico^.    The  begiiming  of  the  scale  indicate 
extreme  dryness,  the  end  ot  it  indicates  extreme  moi 
ture.    It  is  graduated  by  placing  it  first  in  air  made 
dry  as  possible  by  means  of  salts,  and  afterwards  in  aif 
saturated  with  moisture.    This  gives  the  extremes  of 
the  scale,  and  the  interval  between  them  is  divided  into 
1 00  equal  parts. 

Since  it  cannot  be  doubted  that  the  atmosphere  al- 
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lys  contains  water,  there  are  onlj  two  points  which     Chap,  i. 
main  to  be  Investigated:  i.  The  quantity  of  water 
lich  a  given  bulk  contains  ;  2.  The  state  in  which 
iit  water  exists  in  air. 

'Many  attempts  had  been  made  to  measure  the  quan-  Quantity  of 
jy  of  water  contained  in  air,  but  Saussure  was  the 
jt  who  attained  any  thing  like  precision.   This  inge- 
15US  philosopher  has  shewn,  in  his  Hygrometrical  Es- 
s,  that  an  English  cubic  foot  of  air,  when  saturated 
;th  water  at  the  temperature  of  66°,  contains  only 
out  8  grains  troy  of  that  liquid,  or  about  -j-Vth  of  its 
nght.    At  the  temperature  of.  32°,  a  cubic  foot  of 
■  can  contain  only  4  grains,  or  -ttt^^  P^^*^  °^  '^^^  weight, 
ne  quantity  of  water  which  a  cubic  foot  of  air  can 
intain,  increases  0.1109  grains  for  every  additional 
:gree  of  heat.  The  following  Table  exhibits  the  dif- 
rcent  quantities  of  water  in  grains  contained  in  a  cubip 
)jt  of  air  at  different  degrees  of  temperature,  corre- 
conding  to  the  different  degrees  of  Saussure's  hygro- 
ester.    For  this  Table,  by  far  the  most  perfect  which 
55  hitherto  appeared,  we  are  indebed  to  the  same  ce- 
)jrated  philosopher. 
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ol  iriygro- 
meter. 

TO" 

21" 

12° 
.) 

4^'' 

•  ^ 

40'' 

1  8071 

I  1067 
re  ' 

1^6 ;  3 

1 .684  5 

^  J 

;  0 
J 

I  .0676 

I.5i7i 

T 

J  .  5047 

t  .624b 

2  .004  C 

I. 2197 

i.8c63 

2  2900 

2.825B 

1:  f 

J.4I16 

/  T  r 

2.14  5  2 

2.6  CO  2 

J  J 

60 

1.64  tl 

2.0246 

2  4q"6 

•?  OCQO 

1 .0204 

2.2277 

2.?6g  1 

2.9226 

2  60  s ; 

4.448a 

70 

2.7482 

3-3903 

4.1824 

2.5215 

3.1 1 0  7 

*7  3  4  2 

c  840^ 

80 

2  Si  ;  c 

^•47^4 

4.28  ;c 

q.2862 

6. C2  1  3 

3  i°95' 

3-»3"i 

4.7  ;  24 
J  1797 

5-^381  ■ 

7.2022 

90 

3-^035 
3.6946 

4.1987 

6  390c 

7.8-3^ 

'95 

4-557-- 

5.6227 

6  94  2  c 

y.5640 

98 

3-5>739 

4.7790 

5.8956 

7-2731 

8.9720 

*  In  this  Table  the  cubic  foot  of  air  and  the  grains  of  water  con 
ed  in  it  are  both  left  in-the  orin;inal  French  measures  as  calcuJat 
Saussurc,  The  rr  lative  proportion  being  alone  of  importanre,  J  did 
thinlc  it  wortli  while  to  rcuuce  tliem  to  our  sranoard  :  Pr.t  in  order |i 
convert  the  grains  in  the  Table  into  the  number  of  grrJns  troy  contaim 
in  an  English  cubic  foot  of  air,  it  is  only  necessary  to  multiply  them  1|| 
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Degrees 
jf  H)  gro- 
mcti.-r. 

TEMPERATURE. 

60° 

77" 

88° 

100° 

40° 

2.5634 

3-1625 

3.90 16 

4  8134 

45 

2.9952 

3.6952 

4.558S 

5.6242 

50 

3-4852 

4.2997 

5-3°45 

6.5442  ■ 

55 

4-0335 

4.9761 

6.139c 

7-5737 

60 

4-6554 

5-7434 

^  7.08,6 

8-7415 

63 

5-4873 

6.7697 

8.3518 

10.3036 

70 

6.3651 

7.8526 

9.6878 

11.951b 

75 

7  2050 

8.8888 

10.9661 

13.5289 

80 

8.0450 

9.9251 

1 2.2446 

15.1062 

85 

:?,8850 

10.9614 

i3.5'-i3i 

16.6834 

9.7250 

II  9977 

14.8016 

).  8.2607 

95 

10.56  >0 

13  034- 

1 6  c,8co 

19.8379 

98 

1 1.-690 

16.8472 

20.7844 

irhe  quantity  of  water  which  air  is  capable  of  con- 
.  ling  diminishes  also  as  the  density  of  that  air  dimi- 
hes.    Saussure  ascertained  that  air,  rarefied  so  aa 
y  to  be  able  to  sirpport  a  column  of  mercury  0.222 
h  long,  does  not  contain  when  saturated  with  mois- 
•e  more  than  die  20th  part  of  what  air  is  capable  of 
itaining  under  the  pressure  of  /8  8  inches  of  mercu- 
I'he  fullowing  Table,  drawn  up  b   Mr  Saussure, 
licates  tiie  proportional  quantity  of  water  which  a  cu- 
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.        \'  ,  liic  foot  of  air  is  capable  of  containing  at  different  den. 

sitics  ;  the  density  as  usual  being  indicated  by  the 
length  of  the  column  of  mercurj  which  it  is  capable  of 
balancing. 

Height  of  Barometer.  Quantity  of  Water. 

28.8  inches  i.odoo 

25.18  0.9528 

21.58  0.8899 

18.38  0.8264 

14.29  0.7629 

10.79  C.6887 

7.19  0.6230 

3-59  0.43H 

I  0.22  0.04B5 

Such  are  the  quantities  of  water  contained'  in  air  in 
different  circumstances  while  that  fluid  retains  its  trans- 
parence.  But  as  the  method  which  Saussure  took  to 
separate  all  the  moisture  from  air  was  to  expose  it  to 
the  action  of  very  dry  potass,  it  may  be  questioi] 
whether  by  this  process  he  was  able  to  free  the  air 
together  from  moisture ^  and  if  not,  it  is  a  point  of  cq 
siderable  consequence  to  determine  if  possible  the  qua 
tity  which  still  remains  after  the  potass  ceases  to  act.i 
Whether  Some  philosophers  have  gone  so  far  as  to  suppc 
water  bees-  ^^lat  water  is  a  constituent  part  of  air  :  and  that  thei 

sential  to  . 

air.  fore  it  cannot  be  wholly  abstracted  without  destroji 

the  air  altogether,  or  depriving  it  of  its  elastic  sta 
This  opinion  has  been  adopted  by  Dr  Priestley  in  paft 
ticular  ;  and  that  philosopher  has  founded  on  it  the 
jections  which  he  has  urged  against  the  composicioni 
water.    The  experiments  of  Mr  Henry  upon  carbona-i 
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aydrogen  gas  have  demonstrated,  that  air,  even  af-  ,  Chap.  I.  ^ 
k  has  been  exposed  to  the  action  of  the  driest  salts, 
d  those  which  have  the  strongest  affinity  for  moisture, 
11  retains  a  portion  of  water  ;  but, this  portion  is  ex- 
«diiiglj  small,  and  may,  when  the  precautions  of  Saus- 
'•e  are  taken,  be  neglected  altogether  v/ithout  any  sen- 
ile error.  Mr  Henry  has  pointed  out  a  way  of  free- 
;  some  of  the  gases  altogether  from  water  by  the  ae- 
on of  electricity.  When  they  are  thus  completely  pu- 
ced  from  water,  they  continue  to  retain  their  elastic 
:m  as  much  as  ever.  We  may  conclude,  then,  that 
always  contains  water,  but  that  water  is  not  an  in- 
;idient  so  essential  as  to  be  necessary  to  the  very  exist- 
«e  of  air  in  an  elastic  form;  though  a  certain  portion 
iit  seems  essential  to  render  air  fit  to  answer  the  diffe- 
Ht  purposes  for  which  it  is  intended  ;  very  dry  air 
ving  exceedingly  unpleasant  effects  upon  the  animrl 
snoray,  as  has  been  remarked  by  Saussure  and  other 
i'ilosophers.  We  may  conclude  also,  that  the  abso- 
vt  quantity  of  water  assigned  by  Saussure  as  contain- 
iin  air,  corresponding  to  the  different  degrees  of  his 
;5ronieter,  does  not  deviate  very  far  from  the  truth. 
\With  respect  to  the  state  in  which  water  exists  in  State  in 

there  are  only  three  ditterent  suppositions  possible,  ter  existsi 
!h  of  which  has  been  supported  by  very  able  philo- 
I'uhers.    I .  Water  may  be  dissolved  in  air  in  the  same 
nner  as  a  salt  is  held  in  solution  by  water.    2.  It 
J  be  mechanically  mixed  with  air  in  the  state  of 
am  or  vapour  ;  or,  3,  It  may  be  chemically  combi- 
.  with  air,  after  having  been  converted  into  vapour. 
I.  The  first  of  these  opinions  was  hinted  at  by  Dr 
oke  in  his  M'lcrographia^  and  afterwards  proposed 
'.  Dr  Halley  ;  but  it  was  much  more  fully  developed 
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It  is  in  the 
Stat'.-  of  va- 
pour. 


by  Mr  Le  Roy  of  Montpelier  in  1751.  Dr  Ham'l 
of  Dublin  made  known  the  same  theory  about  the  sa 
time.  The  phenomena  in  general  coincide  remarlcab! 
well  with  this  theory.  The  quantity  of  water  whifl 
air  is  capable  of  holding  in  solution  is  increased  by  e 
ry  augmentation  of  temperature,  and  diminished 
cold,  which  is  precisely  analogous  to  almost  all  othi 
solvents.  These  analo^^ies,  and  several  others  wh* 
will  easily  suggest  themselves  to  the  reader,  have  indu 
ced  by  far  the  greater  number  of  philosophers  to  adop 
this  opinion. 

2.  The  second  theory  ;  namely,  that  water  exists 
air  in  the  state  of  vapour,  and  merely  mechanically  m 
ed  with  it,  has  been  embraced  by  De  Luc  in  his  las 
Treatise  on  Meteorology;  at  least  his  reasoning  appear^ 
to  me  to  lead  to  that  conclusion.     He  has  proved,  \ 
-think  in  a  conclusive  manner,  that  water,  at  least  wheij 

1 

it  enters  into  the  atmosphere,  is  always  in  the  state  o:| 
vapour,  and  that  it  evaporates  independently  of  air  altO' 
gether:  but  surely  this  is  not  sufficient  to  establisli  i 
as  a  fact,  that  the  vapour,  after  it  has  mixed  with  airj 
remains  merely  in  the  state  of  a  mechanical  mixture.  I 
it  existed  in  that  state,  it  would  ^not  surely  be  so  dilH 
cult  to  separate  it  again  as  we  find  it  to  be. 

3  The  theory  that  water  exists  in  the  atmosphere  in 
state  of  vapour,  chemically  combined  with  air,  was  firs 
advanced  byiiaussure  and  afterwards  combated  by  Mor 
veau  and  De  Luc.  But  notwithstanding  the  argument 
of  these  very  ingenious  and  acute  pliilosophers,  1  can 
not  help  thinking  it  by  far  the  most  probable  accoun 
of  rhe  matter  that  has  hitherto  appeared.  My  reason 
are  as  follows  :  > 

In  the  Jirst  place,  It  cannot  be  doubted  that  the 
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rr  which  exists  in  air,  is  derived  originally  from  the 
xaters  on  the  surface  of  the  earth,  which  are  exposed 
tlie  action  of  the  atmosphere.    Accordingly  we  find 
..at  water,  when  exposed  to  the  air,  suffers  a  gra- 
ual  diminution  of  bulk^  and  at  last  disappears  alto- 
»thcr.    I'his  diminution  of  the  water  may  be  owing, 
(ther  to  its  gradual  solution  in  air,  or  to  its  conversion 
!to  vapour.    The  last  is  the  common  opinion,  as  the 
lenomenon  is  in  common  language  ascribed  to  the 
i'aporation  of  the  water.    When  water  is  placed  in  an 
(ihausted  receiver,  it  diminishes  in  bulk  even  more  ra- 
idly  than  in  the  open  air-    In  this  case,  as  no  air  is 
•resent,  we  can  only  ascribe  the  diminution  of  bulk  to 
lie  conversion  of  the  water  into  vapour.  Accordingly 
e  find  upon  examination,  that  the  receiver  is  actually 
lllcd  with  water*  in  the  state  of  vapour.    The  presence 
if  this  vapour  very  soon,  by  its  elasticity,  puts  an  end 
po  the  evaporation  of  the  water.    Now,  since  water 
iisappears  equally  wl  ether   air  be  present  or  not, 
ind  ex.ictly  in  the  same  manner,  it  is  reasonable  to 
sscribe  its  disappearing  in  both  cases  to  the  same  cause, 
liut  in  the  exhausted  receiver  it  is  converted  iiuo  va- 
lour. Hence  it  is  provable  that  it  is  converted  into  va- 
tour  also  in  the  open  air;  and  if  so,  it  must  exist  in 
iir  in  the  state  of  vapour. 

In  the  second  place.  If  the  disappearing  of  water  ex- 
I  osed  to  the  open  air  were  owing  to  solution  and  not  to 
^v?.poration,  it  ouglit  certainly  to  disappear  more  ra- 
i  iidly  when  it  is  exposed,  to  the  action  of  a  i^reat  quantity 
i.)f  air  than  when  to  a  email  quantity  ;  for  the  quantity 
r>f  any  body  dissolved  is  always  proportional  to  the 
jjuantity  of  the  solvent.  But  the  very  contrary  is  what 
uctually  takes  place  with  respect  to  the  water  contained 
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in  die  air.  Saussure  has  proved  that  water  evaporates 
much  faster  at  great  heights  than  at  the  surface  of  the 
earth,  even  when  the  temperature  and  the  moisture 
the  air  in  both  places  are  the  same.  D7  comparing'' 
set  of  experiments  made  upon  the  Col-du-Geant,  at 
height  of  11,275  ^^^^  above  the  level  of  the  sea,  with 
similar  set  made  at  Geneva  1324  feet  above  the  le 
of  the  sea,  he  ascertained,  that  supposing  the  tem 
rature  and  the  dryness  of  the  air  in  both  places  th^ 
same,  the  quantity  of  water  evaporated  at  Geneva  is 
that  evaporated  on  the  Col-du-Geant  in  the  same  ti 
and  sanie  circumstances  as  37  to  84,  or  nearly  as  3  :  |i 
Now  the  air  on  the  Col-du-Geant  is  about  -^d  rarer 
than  at  Geneva  ;  so  that  a  diminution  of  about  ^d  in 
the  density  of  the  air  more  than  doubles  the  rate 
evaporation  *.  This  is  precisely  what  ought  to  be 
case,  provided  the  water  which  disappears  mixes  wi 
the  air  in  the  state  of  vapour  only  ;  but  the  very  co 
trary  ought  to  hold,  if  the  water  disappeared  in  conss* 
quence  of  the  solvent  power  of  air. 

In  the  third  place.  It  has  been  demonstrated  by 
Black  that  vapour  is  water  combined  with  a  certain  d 
of  caloric.  Consequently  when  water  is  converted  intij 
vapour,  a  certain  portion  of  caloric  combines  with 
and  disappears.  If,  therefore,  there  is  the  same  waste 
caloric  whenever  water  passes  from  a  liquid  state  a 
enters  into  the  atmosphere  as  a  component  part, 
have  reason  to  conclude  that  it  enters  into  the  atmo; 
phere  only  in  the  state  of  vapour  But  it  is  a  well  knowi» 
fact,  that  cold  is  always  generated  during  spontaneous 
evaporation  j  that  is  to  say,  that  the  water  as  it  dis» 
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^ears  carries  off  with  it  a  quantity  of  caloric.    It  is 
A  known,  t!iat  when  a  wet  body  is  exposed  to  the 
! ,  its  temperature  is  lowered  by  the  evaporation  which 
es  place  upon  its  surface.    Hence  in  warm  countries 
ter  is  cooled  by  putting  it  into  porous  vessels,  and 
'osing  it  to  the  air.    Tiie  water  penetrates  through 
-  vessels,  evaporates  from  their  surface,  and  carries  oil' 
I  much  heat,  as  even  in  some  cases  to  freeze  the  wa- 
v  in  the  vessel.    Saussure  observed  that  the  evapora- 
1  from  the  surface  of  melting  snow  caused  it  to 
jze  again  when  the  temperature  of  the  surrounding 
was  4.5°  above  the  freezing  point.    Dr  Black  has 
ndered  it  probable  that  the  quantity  of  caloric  which 
.ppears  during  spontaneous  evaporation,  is  as  great 
ihat  which  is  necessary  to  convert  water  into  steam. 
:  have  a  right  then  to  conclude,  that  water»  when  it 
.iporates  spontaneously,  is  always  converted  into  va- 
;r,  and  of  course  that  it  is  only  in  that  state  that  it 
^.rs  into  the  atmosphere. 

ihere  may,  indeed,  be  a  small  portion  held  in  so- 
lution by  air  in  the  state  of  water ;  but  this  portion 
uust  be  too  minute  to  be  perceptible.  We  know,  at 
rast,  that  water  is  capable  of  dissolving  air,  and  that  it 
iways  holds  a  portion  of  it  in  solution.  It  has  been 
i'-icertained,  that  the  affinity  by  which  air  is  retained  by 
'ater  is  so  greatj  that  several  hours  boiling  are  scarcely 
nfficient  to  separate  it  corripietely.  Now,  if  water  be 
upable  of  dissolving  air,  why  may  not  air  be  capable 
llso  of  dissolving  water  ?  And  if  so,,  it  is  reasonable  to 
-appose  that  air  always  holds  some  water  in  sohition  in 
lie  state  of  water.  But  as  water  dissolves  only  a  very 
mall  portion  of  air,  and  as  air  is  a  much  rarer  fluid 
ihan  water,  it  is  reasonable  to  conclude  that  it  will  dis- 
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Book  I.  solve  proportionably  less  but  if  this  supposition  be 
allowed,  the  quantity  of  water  held  in  bolution  m  air,  in 
the  state  of  water,  must  be  very  niinute. 

Let  us  conclude,  then,  with  baussure  and  De  Luc, 
that  almost  the  whole  of  the  water  wliich  exists  in  the 
atmosphere  is  in  the  st:Jte  of  vapour.    But  we  know 
from  the  nature  of  vapour,  that  whenever  it  conie*^  into 
contact  with  a  colder  body,  it  is  condensed  a^-nn  into 
water.    This  is  very  different  irom  what  happens  to 
the  vapour  of  tlie  atmospliere  ;  it  is  not  deposited  (ex- 
cept at  particular  times)  upon  colder  bodies,  nor  indeed 
does  it  exhibit  any  sensible  proofs  of  its  presence.  It 
must  therefore  be  prevented  by  some  cause  or  ether/ 
from  being  condensed,  and  from  exhibiting  the  usual 
properties  of  vapour.    This  cause  can  only  be  its  com- 
bination with  air.    Hence  the  reason  that  its  proper- 
ties, are  concealed,  and  that  it  can  only  be  separated 
from  air  by  bodies  which  have  a  strong  affinity  for  water. 
Hence,  too,  the  reason  that  moist  air  is  specifically 
lighter  than  dry ;  a  fact  which  would  be  inejtplicable, 
on  the  supposition  that  the  water  dissolved  in  air  existed 
not  in  the  state  of  steam  but  of  water. 
Qnantltv         The  water,  then,  which  constitutes  a  component 
^  the  at-     P^rt  of  the  atmosphere  is  chemically  combined  with 
mosphere.     .^jj. .  \^^^     exists  in  two  different  states.    A  small  por- 
tion is  held  in  solution  in  the  state  of  water,  but  by  far 
the  greater  proportion  is  in  the  state  of  an  elastic  fluid, 
whose  specific  gravity  is  to  that  of  air  as  lo  to  12,  and 
chemically  combined  with  air  in  the  same  manner  as ^ 
one  gas  is  combined  with  another.    As  the  quantity  of 
the  water  contained  in  the  atmosphere  varies  consider- 
ably, it  is  impossible  to  ascertain  its  amount  with  any 
degree  of  accuracy.    But  let  us  suppose  that  the  meaa 
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Saussure's  hygrometer  is  70°,  which  corresponds  Chap. I. 
retty  well  both  with  the  observations  of  Saussure  and 
[iimbolt*.  In  that  case  every  cubic  foot  of  air  will 
ntain  at  an  average  3.4  grains  troy  of  water,  or  xtt*^ 
rt  of  its  weight.  According  to  this  estimation,  the 
er.ige  sum  total  of  water  contained  in  tlie  atmosphere 
nounts  to  somewhat  less  than  39,703,877,42  4,1 93,939 
s.  avoirdupois.  But  the  absolute  quantity  is  probably 
ip.siderably  over-rated  ;  for  the  humidity  of  the  atmos- 
.lere  diminishes  very  considerably  as  its  height  in- 
xreabcs,  as  we  learn  from  the  experiments  both  of 
laaussure  and  De  Luc. 


SECT.  111. 

OF  CARBONIC  ACID  GAS. 

The  existence  of  carbonic  acid  gas  as  a  constituent 
jpart  of  the  atmosphere,  was  observed  by  Dr  Black  im- 
rmediately  after  he  had  ascertained  the  nature  of  that  pe- 
<cu]iar  fluid.  If  we  expose  a  pure  alkali  or  alkaline  earth  to 
tthe  atmosphere,  it  is  gradually  converted  into  a  carbonat 
by  the  absorption  of  carbonic  acid  gas.    This  fact, 
■which  had  been  long  known,  rendered  the  inference 
that  carbonic  acid  gas  existed  in  the  atmosphire  un- 
avoidable, as  soon  as  the  difference  between  a  pure  al- 
kali and  its  carbonat  had  been  ascertained  to  depend 
vpon  that  acid.    Not  only  alkalies  and  alkaline  earths 


*  Jour,  de.  Phyi.  xlyiii.  195. 
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absorb  carbonic  acid  when  exposed  to  the  air,  but  st 
Veral  of  the  metallic  oxides  also.    Hence  the  reason 
that  we  so  often  find  the  native  oxides  in  the  state  of 
ctirbonats.    Thus  rUst  is  always  saturated  with  car- 
bonic acid. 

Carbonic  acid  gas  not  only  forms  a  constituent  part 
of  the  atmosphere  near  the  surface  of  the  earth,  but  at 
the  greatest  heights  which  the  industry  of  man  has  been 
able  to  penetrate.  Saussure  found  it  at  the  toj)  of 
Mount  Blanc,  the  highest  point  of  the  old  continent  j 
a  point  covered  with  eternal  snow,  and  not  exposed  to 
the  influence  of  vegetables  or  animals.  Lime  wateiJ  j 
diluted  with  its  own  weight  of  distilled  water,  formed  a1 
pellicle  on  its  surface  after  an  hour  and  three  quarter*  • 
exposure  to  the  open  air  on  that  mountain  ;  and  slips 
of  paper  moistened  with  pure  potass,  acquired  the  pro- 
perty of  efFervescesing  with  acids  after  being  exposed 
an  hour  and  a  half  in  the  same  place  *.  Now  thib  was  at 
a  height  no  less  than  15,668  feet  abeve  the  level  of  the 
sea.  Humbolt  has  more  lately  ascertained  the  existence 
of  this  gas  in  air,  brought  by  INIr  Garnerin  from  a 
height  not  less  than  4280  feet  above  the  surface  of  the 
earth,  to  which  height  he  had  risen  in  an  air  balloon  f . 
This  fact  is  a  sufficient  proof  that  the  presence  of  car- 
bonic acid  in  air  does  not  depend  upon  the  vicinity  of 
the  earthi 

Now  as  carbonic  acid  gas  is  considerably  heavier  than 
air>  it  could  not  rise  to  great  heights  in  the  atmosphere 
unless  it  entered  into  combination  with  the  air.  We 
are  warranted,  therefore,  to  conclude  that  carbonic  acid 
is  not  merely  mechanically  mixed,  but  that  it  is  che- 


*  Saussure's  Voynges^  iv.  199. 
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■nically  combined  with  the  other  constituent  parts  of    Chap.  L 
l.he  atmosphere,    Jt  is  to  the  affinity  which  exists  be- 
ween  carbonic  acid  and  air  that  we  are  to  ascribe  the 
aapidity  with  which  it  disperses  itself  through  the  at- 
Dpsphpre,  notwithstanding  its  great  specific  gravity. 
Vpntana  rnixed  ?o,oqo  cubic  inches  of  carbonic  acid 
/as  with  the  air  of  a  close  room,  and  yet  half,  an  hour 
•iftcT  he.  could  not  discover  the  traces  of  carbonic  acid 
an  thai  air.    Water  impregnated  with  carbonic  acid, 
kvhen  exposed  to  the  air,  very  soon  loses  the  whole  of  . 
Ihe  combined  gas.    And  when  a  phial  full  of  carbonic 
iicid  g.is  is  left  uncorked,  the  gas,  as  Bergman  first 
iscertained,  very  soon  disappears,  and  the  phial  is  found 
iailed  with  common  air. 

It  is  owing  to  this  strong  affinity  between  air  and 
::arbonic  acid  gas  that  it  is  so  difficult  to  detect  the 
»3resence  of  tliat  gas  in  air  by  the  common  tests.  At- 
mospheric air  does  not  render  lime  water  turbit),  though 
ijigitated  with  it  ever  so  long,  or  made  to  pass  through 
tt  in  ever  so  great  a  quantity.  Neither  h^s  it  any  ef- 
c'ect  upon  the  most  delicate  vegetable  blues.  The  great 
j]uantity  of  air  with  which  it  is  combined,  envelopes  it 
in  such  a  manner  that  these  bodies  are  not  powerful 
inough  to  abstract  it.  We  must  employ  for  that  purpose 
substances  which  have  a  very  strong  affinity  for  that 
licid,  as  the  alkalies,  milk  of  lime,  &.c.  These  substances 
iletect  its  presence  by  acquiring  the  property  of  efFer- 
ivescinjT  with  acids. 

The  difficulty  of  separating  this -gas  from  air  has  hi-  Proportion, 
):hcTto  prevented  the  possibility  of  determini'ng  with 
uccuracy  the  relative  quantity  of  it  in  a  given  bulk  of 
uir  J  but  from  the  experiments  wliich  have  been  made, 
nve  may  conclude  with  some  degree  of  confidence,  that 
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Bookl.  it  is  not  very  difFerent  from  o  oi.  From  the  experl-i 
*  merits  of  Humbolt,  it  appears  to  vary  from  0.Q05  to 
0.0 1.  This  variation  will  by  no  means  appear  impro- 
bable, if  we  consider  thHt  immense  quantities  of  car- 
bonic acid  gas  must  be  constantly  mixing  with  the 
atmosphere,  as  it  is  formed  by  the  respiration  of  ani- 
mals, by  combustion,  and  several  other  processes  which 
are  >4oing  on  continually.  The  quantity,  indeed,  which  is 
daily  formed  by  these  processes  is  so  great,  that  at  first 
sight  it  appears  astonishing  that  it  does  not  increase 
rapidly.  The  consequence  of  such  an  increase  would 
be  fatal,  as  air  containing  0.1  of  carbonic  acid  extin- 
guishes light,  and  is  noxious  to  animals.  But  we  shall 
find  reason  afterwards  to  conclude,  that  this  gas  is  de- 
composed by  vegetables  as  rapiiily  as  it  forms. 
Quantity  the' supposition  that  the  carbonic  ^cid  gas  con- 

tained in  a  given  bulk  of  air  amounts  to  o  01,  the  ab- 
solute quantity  of  it  in  the  atmosphere  would  amount 
to  somewhat  more  than  119, 11 1, '''32, 27 2, 58 1,81 8  lbs. 
avoirdupois:  an  enormous  quantity,  which  undoubtedly 
serves  some  valuable  purpose  in  the  atmosphere,  tiiough 
our  knowledge  of  the  changes  which  go  on  in  that  great 
laboratory  is  at  present  too  impeifect  to  enable  us  even 
to  conjecture  the  uses  to  which  it  may  be  applied 
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SECT.  IV. 

!•  THE  OTHER  BODIES  FOUND  IN  THE  ATMOsrHERE. 


.4 


ROM  the  three  preceding  Sections  we  see  that  the  at*  Composl- 
losphere  consists  chieflj  of  three  distinct  elastic  fluids  a(;mo*spherc. 
nited  together  by  chemical  affinity ;  namely,  air,  va- 
our,  and  carbonic  acid  gas  ;  differing  in  their  propor- 
ons  at  different  times  and  in  different  places  ;  but  that 
le  average  proportion  of  each  is 

98.6  air 
i.o  carbonic  acid 
0.4  water 


100.0 

iut  besides  these  bodies  which  may  be  considered  as  other  bo- 
dies con- 
tained in  it. 


lie  constituent  pa-, ts  of  the  atmosphere,  the  existence 


f  several  other  bodies  has  been  suspected  in  it.  I  do 
cot  mean  in  this  place  to  include  among  those  bodies 
ectric  matter,  or  the  substance  of  clouds  and  fogs,  and 
lose  other  bodies  which  are  considered  as  the  active 
;^ents  in  the  phenomena  of  meteorology,  but  to  confine 
lyself  merely  to  those  foreign  bodies  which  have  been 
ccasionally  found  or  suspected  in  air.  Concerning 
lese  bodies,  however,  very  little  sajtisfactory  is  known 
t  present,  a=!  we  are  not  in  possession  of  instruments 
jfficiently  delicate  to  ascertain  iheir  presence  We  can 
ideed  detect  several  of  them  actually  mixinof  with  air, 
ut  what  becomes  of  them  afterwards  we  are  unable  to 
ay. 
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.  ^""'^  ^'         I-  Hydrogen  gas  is  said  to  have  been  found  in  air  3? 
Hydrogen    tuated  near  the  crater  of  volcanoes,  and  it  is  very  posi 
^"^^  sible  that  it  may  exist  always  in  a  very  small  proportio: 

in  the  atmosphere  ;  but  this  cannot  be  ascertained  till 
some  method  of  detecting  the  presence  of  hydrogen  com- 
bined with  a  great  proportion  of  air  be  discovered. 

2.  Carbonated  hydrogen  gas  is  often  emitted  by 
marshes  in  considerable  quantities  during  hot  weather^ 
But  Its  presence  has  never  been  detected  in  air  ;  so  that 
in  all  probability  it  is  again  decomposed  by  some  uq« 
known  process. 

3.  Oxygen  gas  is  emitted  abundantly  by  plants  dujf; 
ring  the  day.    We  shall  afterwards  find  reason  to  coni 
elude  that  this  is  in  consequence  of  the  property  which 
plants  have  of  absorbing  and  decomposing  carbonic  acid 
gas.    Now  as  this  carbonic  acid  is  formed  at  the  ex- 
pence  of  the  oxygen  of  the  atmosphere,  as  this  oxygen 
is  again  restored  to  the  air  by  the  decomposition  of  the 
acid,  and  as  the  nature  of  atmospheric  air  remains  unal-^ 
tered,  it  is  clear  that  there  must  be  an  equilibrium  be4 
tween  these  two  processes ;  that  is  to  say,  all  the  carbort 
nic  acid  formed  by  combustion  must  be  again  decompo-^ 
sed,  and  all  the  oxygen  abstracted  must  be  again  resto- 
red. The  oxygen  gas  which  is  thus  continually  returU'sj 
ing  to  the  air,  by  combining  with  it,  makes  its  compo- 
nent parts  always  to  continue  in  the  same  ratio. 

4.  The  smoke  and  other  bodies  which  are  continual- 
ly  carried  into  the  ^ir  by  evaporation,  &c-  are  probably"^ 
Soon  deposited  again,  and  cannot  therefore  be  consider- 
ed with  propriety  as  forming  parts  of  the  atmosphere.' 
But  there  is  another  set  of  bodies  which  are  occasion*^ 
ally  coinbincd  with  air,  and  which,  on  account  of  the' 
powerful  action  which  they  produce  on  the  human  bo* 
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,-,  have  attraded  a  great  deal  of  attention.    These  are   ^  Chap.  I. 
lownby  the  name  of  matters  o£  contagion. 

That  there  is  a  difference  between  the  atmosphere 

dilTerent  places,  as  far  as  respects  its  eifects  up- 
.  the  human  body,  has  been  considered  as  an  esta- 
lished  point  in  all  ages.    Hence  some  places  have  been 
Hebrated  as  healthy,  and  others  avoided  as  pernicious, 

the  human  constitution.    It  is  well  known  that  in 
ts  and  mines  the  air  is  often  in  such  a  state  as  to  sufFo- 
tte  almost  instantaneously  those  who  attempt  to  breath 
Some  places  are  haunted  by  peculiar  diseases. 
:  is  known  that  those  who  frequent  the  apartments  of 
irsons  ill  of  certain  maladies,  are  extremely  apt  to 
ttch  the  infection  ;  and  in  prisons  and  other  places, 
there  crowds  of  people  are  confined  together,  when  dis- 
ises  once  commence,  they  are  wont  to  make  dreadful 
woe.  In  all  these  cases  it  has  been  supposed  that  a  cer- 
iin  noxious  matter  is  dissolved  by  the  air,  and  that  it 

the  action  of  this  matter  which  produces  the  mis- 
iief. 

'  This  noxious  matter  is  in  niany  cases  readily  distin-^  Contagious 
iiished  by  the  peculiarly  disagreeable  smell  w^hich  it 
rmmunicates  to  the  air.    No  doubt  this  matter  differs 
ccording  to  the  diseases  which  it  communicates,  and 
te  substance  from  which  it  has  originated.  Morveau 
ely  attempted  to  ascertain  its  nature;  but  he  soon 
lund  the  chemical  tests  hitherto  discovered  altogether 
sufficient  for  that  purpose.    He  has  put  it  beyond  a 
lubt,  however,  that  this  contagious  matter  is  of  a  com- 
)und  nature,  and  that  it  is  destroyed  altogether  by  cer- 
iin  agents,  particularly  by  those  gaseous  bodies  which 
;adily  part  with  their  oxygen.    He  exposed  infected 
r  to  the  action  of  various  bodies,  and  he  judged  of  the 
Vol.  III.  T 


matter, 
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1  ^'^sult  by  the  effect  wliich  these  bodies  had  in  destroy. 

ing  the  fetid  smell  of  the  air.  The  following  is  the  re. 
suit  of  his  experiments. 
How  dc-         I-  Odorous  bodies,  such  as  benzoin,  aromatic  plants, 
strojed.  have  no  effect  whatever.    2.  Neither  have  the  so- 

lutions of  myrrh,  benzoin,  &.c.  in  alcohol,  though  agi. 
tated  in  infected  air.  3.  Pyrolignous  acid  is  equally  in. 
ert.  4.  Gunpowder,  when  fired  in  infected  air,  displa- 
ces a  portion  of  it ;  but  what  remains  still  retains  its  fe- 
tid odour,  5.  Sulphuric  acid  has  no  effect ;  sulphuro 
acid  weakens  the  odour,  but  does  not  destroy  it.  6 
cetous  acid  diminishes  the  odour,  but  its  action  is  si 
and  incomplete.  7.  Acetic  acid  acts  instantly,  and 
stroys  the  fetid  odour  of  infected  air  completely. 
The  fumes  of  nitric  acid,  first  employed  by  Dr  Car 
chael  Smith,  are  equally  efiicacious.  9.  Muriatic  9^ 
cid  gas,  first  pointed  out  as  a  proper  agent  by  Moj 
veau  himself,  is  equally  effectual.  10.  But  the  m 
powerful  agent  is  oxy- muriatic  acid  gas,  first  proposi 
by  Mr  Cruickshanks,  and  now  employed  with 
greatest  success  in  the  British  Navy  and  Military  hoi 
pitals. 

Thus  there  are  four  substances  which  have  the  p: 
perty  of  destroying  contagious  matter,  and  of  purify 
the  air:  but  acetic  acid  cannot  easily  be  obtained  in  s 
ficient  quantity,  and  in  a  state  of  sufficient  concentratii 
to  be  employed  with  advantage.    Nitric  acid  is  attendi- 
ed  with  inconvenience,  because  it  is  almost  always  coa 
taminated  with  nitrous  gas.    Muriatic  acid  and  ox; 
muriatic  acid  are  not  attended  with  these  inconveniei 
ces    the  last  deserves  the  preference,  because  it  a 
with  greater  energy  and  rapidity.  All  that  is  necess 
is  to  mix  together  two  parts  of  salt  with  one  part 
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i  black  oxide  of  manganese,  to  place  the  mixture  m 
(  open  vessel  in  the  infected  chamber,  and  to  pour  up- 
I  it  two  parts  of  sulphuric  acid.  The  fumes  of  oxy- 
lariatic  acid  are  immediately  exhaled,  fill  the  chamber, 

ii  destroy  the  contagion. 


CHAP  IL 


OF  METEOROLOGY. 


Vhough  the  phenomena  of  the  weather  must  have  at 
times  attracted  much  of  the  attention  of  mankind, 
rause  their  subsistence  and  their  comfort  in  a  great 
aasure  depended  upon  them,  it  v^as  not  till  the  17th 
titury  that  any  considerable  progress  was  made  in  in- 
stigating the  laws  of  meteorology.  How  desirous  so- 
:sr  the  ancients  might  have  been  to  acquire  an  accu- 
es  knowledge  of  this  science,  their  want  of  proper  in- 
iiaments  entirely  precluded  them  from  cultivating  it. 
the  discovery  of  the  barometer  and  thermometer  in 
1 7th  century,  and  the  invention  of  accurate  electro- 
tters  and  hygrometers  in  the  i8th,  this  defect  is  now 
ttty  weU  supplied ;  and  philosophers  are  enabled  to 
Ike  meteoroloffical  observations  with  ease  and  accura- 
Accordingly  a  very  great  number  of  such  obser- 
l  ions  have  been  collected,  which  have  been  arranged 
I  examined  from  time  to  time  by  ingenious  men,  and 
^sequences  deduced  from  them,  on  which  several  dif- 
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ferent  theories  of  the  weather  have  been  built.  But 
meteorology  is  a  science  so  exceedingly  difllcult,  that 
notwithstanding  the  united  exertions  of  some  of  the 
.first  philosophers  of  the  age,  the  phenomena  of  the  wea- 
ther are  still  very  far  from  being'  completely  under- 
stood ;  nor  can  we  expect  to  see  the  veil  removed,  til4 
accurate  tables  of  observations  have  been  obtained  froiM 
every  part  of  the  world,  till  the  atmosphere  has  htei^ 
more  completely  explored,  and  the  chemical  changeL 
Ivhich  take  place  in  it  ascertained.  ^ 

The  changes  which  take  place  in  the  atmosphere  de- 
monstrate, in  the  clearest  manner,  that  new  combinsuc- 
tions  and  decompositions  are  continually,  going  on  in 
On  these  chemical  alterations  the  greater  number  S 
meteorological  phenomena  depend  :  they  may  be  coa^ 
sidered  as  the  result  of  the  mutual  action  of  the  difFe4 
rent  component  parts  of  the  atmosphere  ;  and  woul^ 
admit  of  an  easy  explanation,  if  we  were  thoroughly 
acquainted  with  all  those  substances,  and  with  the  che-. 
mical  laws  which  govern  their  action.    The  most  iiHi^ 
portant  meteorological  phenomena  are,  i.  The  changes 
which>  take  place  in  the  weight  of  the  atmospherew 

2.  The  changes  which  take  place  in  its  temperature ; 

3.  The  fOgs,  clouds,  and  rain  which  so  often  precipitate 
from  it ;  4.  .  The  violent  agitation  into  which  it  is  often 
thrown  ;  and,  5.  The  electric  phenomena  which  some- 
times accompany  or  occasion  these  precipitations  a; 
agitations.  The  consideration  of  these  subjects  shall 
occupy  the  five  following  Sections. 
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OOF  CHANGES  IN  THE  WEIGHT  OF  THE  ATMOSPHERE. 

i^E  have  seen  in  the  last  Chapter,  that  the  barometer  Height  of 
ilicates  to  us  the  wcio-ht  of  a  column  of  air,  extending 

^3  JO    n.eter  on 

the  top  of  the  atmosphere,  and  whose  base  is  equal  the  sea 
rthat  of  the  mercurj.    At  the  level  of  the  sea,  where 
:e  column  of  air  is  longest,  the  mean  height  of  the  ba- 
nmeter  is  30  inches.    This  Sir  George  Shuckburgh 
.und  to  be  the  case  in  the  Mediterranean  and  the  Chan" 
11,  in  the  temperature  of  55°  and  60°  ;  Mr  Bouguer, 
the  coast  of  Peru,  in  the  temperature  of  84°  ;  and 
))rd  Mulgrave,  in  latitude  80°.    1  he  mean  height  of 
ee  barometer  is  less  the  higher  any  place  is  situated  . 
lOve  the  level  of  the  sea,  because  the  column  of  air 
iliich  supports  the  mercury  is  the  shorter.    The  ba- 
rmeter   has  accordingly  been   used  for  measuring 
L'ights.    But  if  a  barometer  be  allowed  to  remain  in  Variation, 
lie  place,  the  mercury  does  not  remain  stationary  ; 
imetimes  it  rises  and  at  other  times  falls,  varjdng  to 
te  extent  of  several  inches  ;  of  course  the  weight  of 
e  tiir  which  balances  the  mercury  must  be  subject  to 
e  same  changes.    Hencp  we  learn  that  the  air  in  the 
:me  place  is  sometimes  light  and  at  other  times  heavy; 
fferences  which  must  be  owing  to  changes  in  its  quan- 
ty.    The  barometer  then  informs  us,  that  the  quan- 
tty  of  air  above  any  spot  is  liable  to  continual  akera- 
tons.    Consequently  either  the  air  accumulates  in  par- 
cular  spots,  while  it  partially  abandons  others  ;  or 
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Annual 

range. 


part  of  the  atmosphere  must  be  alternately  abstracte 
altogether,  and  restored  again  by  some  constant  though 
apparently  irregular  process. 

Between  the  tropics  the  variations  of  the  barometti 
are  exceedingly  small ;  and  it  is  remarkable,  that  in  tl 
part  of  the  world  it  does  not  descend  above  half  as  mu'- 
for  every  200  feet  of  elevation  as  it  does  beyond 
tropics  II .  In  the  torrid  zone,  too,  the  barometer  ise' 
vated  about  two  thirds  of  a  line  twice  every  day;  a 
this  elevation  happens  at  the  same  time  with  the  tide 
of  the  sea  %. 

As  the  latitude  advances  towards  the  poles,  the  ran 
of  the  barometer  gradually  increases,  till  at  last  ' 
amounts  to  two  or  three  inches.   This  gradual  increa 
will  appear  from  the  following  Table  : 

Table  of  the  Range  of  the  Barometer. 


Latitude. 


0° 
22  23 

40  55 
51  8 

53  13 
53  23 
59  56 


Places. 


P?ru 

Calcutta 

Naples 

Dover 

Middlewick 

Liverpool 

Petersburgh 


Range  of  the  Barometer. 

Greatest. 

Annual 

0.20  * 

0  77  t 

1. 00  * 

2.4>§ 

3.00  § 

2.89  \ 

3-43  t 

1.80 

1.94 
1.96 
2.77 

II  M.  Cassan,  Jour.de  Fbys.  April  1790,  p.  268. 

*  Kirwan,  Ir'sb  Trans.  voL  iii.  p.  47. 

j-  Asiatic  Researches,  VoL  ii.  Appendix. 

§  Manchester  Trans,  vol.  iv. 

:}  Edinburgh  Trans,  vol.  ii.  p.  229. 


^  Ibid. 
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In  North  America,  however,  the  range  of  the  baro-    Chap.  11. 
eter  is  a  great  deal  less  than  in  the  corresponding  Eu- 
pean  latitudes.    In  Virginia,  for  instance,  it  never 
ceeds  i.i  *. 

The  range  of  the  barometer  is  greater  at  the  level  of 

e  sea  than  on  the  mountains,  and  in  the  same  degree 

latitude  the  extent  of  the  range  is  in  the  inverse  ratio 

the  height  of  the  place  above  the  level  of  the  sea. 

From  a  table  published  by  Mr  Cotte  in  the  Journal  Diurnal 

range. 

'  Physique '^^  it  seems  exceedingly  probable  that  the 
irometer  has  always  a  tendency  to  rise  from  the  morn- 
ig  to  the  evening ;  and  that  this  tendency  is  greatest 
jtween  two  o'clock  in  the  afternoon  and  nine  at  night, 
:  which  hour  the  greatest  elevation  takes  place ;  that 
le  elevation  of  nine  o'clock  differs  from  that  of  two 
y  —tJ^s,  while  that  at  two  differs  from  the  morning 
levation  only  by  ^V*^  5  ^"cl  that  in  certain  climates  the 
reatest  elevation  takes  place  at  two  o'clock.    The  fol- 
jwing  is  a  part  of  the  Table  on  which  these  observa- 
ions  are  founded,  reduced  to  the  English  standard. 


*  Trans,  Pbiladel.  voLii.  p.  142.  *^  Aug.  1790,  p.  110, 


T4 


METEOROLOGr. 


Places. 

Years 
observat 

Aries 

6 

Arras 

Bourdeaux 

1  T 

Cambray 

T  "J 

Chinon 

X  x» 

Dunkirk 

8 

Hagenau 

Laon 

7 

Lisle 

6 

KJ 

Mayenne 

7 

Manheim 

r 

3 

Montmorenci 

22 

Mulhausen 

7 

Obernheim 

1  2 

Paris 

67 

Poitiers 

i  2 

Rouen 

II 

Rome 

3 

St  Maurice  le 

Gerard 

xo 

Troyes 

10 

Mean  height  of  Barometer. 


Morning. 


29. 
29. 
29. 
29, 
29, 
29, 
29, 
29, 
29, 
29, 
29. 
29, 
29. 
29. 
29. 
29. 
29. 
29. 


9.H7 

6683 

7212 

771 
9199 

5648 


335429 


9165 
7172 
6167 

6536 

1873 
4834 
8902 
7276 
8607 
860 


29.8016 

29.6883 


Noon. 


29. 
29, 
29, 
29, 
29, 
29 
29. 


9347  29 
6083 

8383 
8682 


29 
2y 
29. 

2^, 
29. 
29. 
29. 
29. 
29 

7  29. 


7795 

9347 
3648 

3206 

9274 

7c-'56 
6cib 

i8pc 
4663 
8607 
7276 

8535 
8460 


Evening. 


29 

'•9 
29 

29 

29 
29 

29 

29 

29 

•9 
29 

29 

29 

29 

29 

29 

29 


•9413 

.C832 

■838^ 
•8756 
.8coi 


9.8385 
29.8756 
;9.7809 

•9347  29.9273 


5741 
3429 

9347 
7127 
.6167 
66io 

1873 
4764 

.8756  29 

.727C 

•8s3i 


29.8016  29.8090  29.8016 
29.6979  29.6885  29.6885 


Year. 


29-9347 
29.675$ 


29.5648 

2'/-3354 
29.9077 

29  71  -7 

29  6093 

29.6536 

29.1873 

29.4764 

.8756 

29.7276 

29-8535 
8756  29.&607 


The  range  of  the  barometer  is  greater  in  winter  than 
in  summer.  Thus  at  York  the  mean  range  of  the  ba- 
rometer, during  October,  November,  December,  Ja- 
nuary, February,  March,  of  the  year  1774,  was  1.42  j 
and  for  the  six  summer  months  i.oi6*. 

In  serene  and  settled  weather  it  is  generally  high  ; 
and  low  in  calm  weather,  when  the  air  is  inclined  to 
rain;  it  sinks  oh  high  winds,  rises  highest  on  easterly 
ajid  northerly  winds^  and  sinks  when  the  wind  blows 


*  Mancbiiter  Trans.  voL  iv.  p.  543. 
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from  the  south*.  ;  At, Calcutta  f,  it  is  always  highest  Chap.n,^ 
when  the  wind  blows. from  the  north-west  and  north, 
..and  lowest  when  it  blows  from  the  south-east. 
-  The  barometer  falls  suddenly  before  tempests,  an4 
^undergoes  great  oscillations  during  their  continuance. 
:Mr  Copland  J  of  D  umfries  has  remarked,  that  a  high 
bbarometer  is  attended  with  a  temperature  above,  and  a 
IJow  barometer  with  one  below,  the  monthly  mean. 

Such  are  the  phenomena  respecting  the  variations  of 
tthe  barometer,  as  far  as  they  can  be  reduced  under  ge- 
ineral  heads.  Various  attempts  have  been  made  to  ex- 
rplain  them,  but  hitherto  without  any  great  degree  of  suc- 
ccess.  The  theory  of  Mr  Kirwan  appears  to  me  by  far  the 
rmost  plausible,  though  it  is  not  sufficient  to  explain  all 
tthe  facts.  The  following  observations  may  be  consi- 
cdered  as  a  kind  of  abstract  of  his  theory,  except  in  one 
cor  two  instances. 

It  is  evident  that  the  density  of  the  atmosphere  is  Atmo- 
Ueast  at  the  equator  and  greatest  at  the  poles ;  for  at  highest  at 
tthe  equator  the  centrifugal  force,  the  distance  from  the  ^^^^  "^^^^ 
Lcentre  of  the  earth,  and  the  heat,  all  of  which  tend  to 
rdiminish  the  density  of  the  air,  are>at  their  maximum, 
while  at  the  pole  they  are  at  their  minimum.  The 
nrnean  height  of  the  barometer  at  the  level  of  the  sea,  all 
:over  the  globe,  is  30  inches ;  the  weight  of  the  atmos- 
fphere,  therefore,  is  the  same  all  over  the  globe.  The 
tweight  of  the  atmosphere  depends  on  its  density  and 
height:  where  the  density  of  the  atmosphere  is  greatest, 
ijts  heiglit  must  be  least;  and,  on  the  contrary,  where  its 
density  is  least,  its  height  must  be  greatest.  The  height 


*  Dr  Halley.  f  yitiaiie  Researches^  vol.  ii.  Appendix. 

J  Mjncbester  Trans,  vol.  iv, 
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Book  1.  of  the  atmosphere,  therefore,  must  be  greatest  at  the 
equator,  and  least  at  the  poles  ;  and  it  must  decreas': 
gradually  between  the  equator  and  the  poles,  so  that  it:, 
upper  surface  will  resemble  two  inclined  planes,  meet- 
ing above  the  equator  their  highest  part  *. 

During  summer,  when  the  sun  is  in  our  hemisphere, 
the  mean  heat  between  the  equator  and  tlie  pole  does 
not  differ  so  much  as  in  winter.  Indeed  the  heat  of 
northern  countries  at  that  time  equals  the  heat  of  the 
torrid  zone :  thus  in  Russia,  during  July  and  August, 
the  thermometer  rises  to  85°  f .  Hence  the  rarity  of 
the  atmosphere  at  the  pole,  and  consequently  its  hei^h(j 
will  be  increased.  The  upper  surface  of  the  atmosphere, 
therefore,  in  the  northern  hemisphere  will  be  less  in-- 
clined  j  while  that  of  the  southern  hemisphere,  from 
contrary  causes,  will  be  much  more  inclined.  The  very 
reverse  will  take  place  during  our  winter. 

The  density  of  the  atmosphere  depends  in  a  great 

-  measure  on  the  pressure  of  the  superincumbent  column  j 

and  therefore  decreases,  according  to  the  height,  as  the 
pressure  of  the  superincumbent  column  constantly  de- 
creases. But  the  density  of  che  atmosphere  in  the  torrid 
zone  will  not  decrease  so  fast  as  in  the  temperate  and 
frigid  zones  ;  because  its  column  is  longer,  and  because 
there  is  a  greater  proportion  of  air  in  the  higher  part 
of  this  column.  This  accounts  for  the  observation  of 
Mr  Cassan,  that  the  barometer  only  sinks  half  as  much 
for  every  200  feet  of  elevation  in  the  torrid  as  in  the 
temperate  zones  p    The  density  of  the  atmosphere  at 


*  Kirwan,  IrisB  Trans,  vol  iL  p.  43. 

t  Dr  Guthrie,  Edit.  Trans,  vol  ii.  p.  229. 

^  Should  it  not  be  examined  whether  the  number  of  parts  wliich  the 


WEIGHT  OF  THE  AIR.  299 

[the  equator,  therefore,  though  at  the  surface  of  the  ^  Chap. n.^ 

rearth  it  is  less,  must  at  a  certain  height  equal,  and  at  a 

s'Still  greater  surpass,  the  density  of  the  atmosphere  in 

tkhe  temperate  zones  and  at  the  poles. 

A  current  of  air  is  constantly  ascending  at  the  equa-  Hence  the 

tior,  and  part  of  it  at  least  reaches  and  continues  in  the  gcend^  to^ 

hhicher  parts  of  the  atmosphere.     From  the  fluidity  towards  the 
:    .        .  ,       .  coldest  pole. 

:of  air,  it  is  evident  that  it  cannot  accumulate  above 

tithe  equator,  but  mi1st  roll  down  the  inclined  plane 
pwhich  the  upper  surface  of  the  atmosphere  assumes  to- 
wards the  poles.  As  the  surface  of  the  atmosphere  of 
tthe  northern  hemisphere  is  more  inclined  during  our 
vwinter  than  that  of  the  southern  hemisphere,  a  greater 
cquantity  of  the  equatorial  current  of  air  must  flow  over 
mpon  the  northern  than  upon  the  southern  atmosphere; 
5S0  that  the  quantity  of  our  atmosphere  will  be  greater 
(during  winter  than  that  of  the  southern  hemisphere : 
Ibut  during  summer  the  very  reverse  will  take  place. 
IHence  the  greatest  mercurial  heights  take  place  during 
minter,  and  the  range  of  the  barometer  is  less  in  sum- 
imer  than  in  winter. 

The  density  of  the  atmosphere  is  in  a  great  measure  Airaccu- 
rregulated  hy  the  heat  of  the  place  :  wherever  the  cold  ver'colV 
lis  greatest,  there  the  density  of  the  atmosphere  will  be  p'^*^*- 
greatest,  and  its  column  shortest.    High  countries,  and 
:  ranges  of  lolty  mountains,  the  tops  of  which  are  cover- 
ed witli  snow  the  greatest  part  of  the  year,  must  be 
much  colder  than  other  places  situated  in  the  same  de- 
gree of  latitude,  and  consequently  the  column  of  air 
<  aver  them  much  shorter.    The  current  of  superior  air 


mercury  sinks  for  every  200  feet  of  elevation  be  not  proportioned  to  the 
latitude  of  the  place  i 
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Bookl.  will  linger  and  accumulate  over  these  places  in  its  pus^,^ 
sage  towards  the  poles,  and  thus  occasion  an  irre-.^ 
gularity  in  its  motion,  which  will  produce  a  similar; 
irregularity  in  the  baxometer.  Such  accumulations  will 
be  formed  over  the  north-western  parts  of  Asia  and 
over  North  America :  hence  the  barometer  usually 
stands  higher,  and  varies  less  there  than  in  Europe, 
Accumulations  are  also  formed  upon  the  Pyrenees,  the 
Alps,  the  mountains  of  Africa,  l  urkey  in  Europe, 
Tartary,  and  Tibet.  When  these  accumulations  have 
gone  on  for  some  time,  the  density  of  the  air  becomes 
too  great  to  be  balanced  by  the  surrounding  atmosphere  j 
it  rushes  down  on  the  neighbouring  countries,  and  pro- 
duces cold  winds  which  raise  the  barometer.  Hence  the 
rise  of  the  barometer  Avhich  generally  attends  north-east 
winds  in  Europe,  as  they  proceed  from  accumulations 
in  the  north-west  of  Asia,  or  about  the  pole  ;  hence, 
too,  the  north-west  wind  from  the  mountains  of  Tibet 
•raises  the  barometer  at  Calcutta. 

It  is  probable  that  considerable  quantities  of  air  are 
occasionally  destroyed  in  the  polar  regions.  When  this 
happens,  the  atmosphere  to  the  south  rushes  in  to  fill 
up  the  void.  Hence  south-west  winds  take  place,  and 
the  barometer  falls. 

As  the  mean  heat  of  our  hemisphere  differs  in  diffe- 
rent years,  the  density  of  the  atmosphere,  and  conse- 
quently the  quantity  of  equatorial  air  which  flows  to- 
wards the  poles,  must  also  be  variable.  Hence  the  range 
of  the  barometer  is  different  in  different  years.  Does 
this  range  correspond  to  the  mean  annual  heat ;  that  is 
to  say,  is  the  range  greatest  when  the  heat  is  leaet, 
and  least  when  the  heat  is  greatest  ?  In  some  years 
greater  accumulations  than  usual  take  place  in  th? 
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uountainous  parts  ia  the  south  of  Europe  and  Asia,  .^^^P-"\ 
owing;,  perhaps,  to  earlier  falls  of  snow,  or  to  the  rays 
Df  the  sun  liaving  been  excluded  by  long  continued  fogs. 
iVVhen  this  takes  place,  the  atmosphere  in  the  polar  re- 
gions will  be  proportionably  lighter.  Hence  the  pre- 
i valence  of  southerly  winds  during  some  winters  raore 
than  otliers. 

As  the  heat  in  the  torrid  zone  never  differs  much,  Why  the 

barometer 

I'the  density,  and  consequently  the  height  of  the  atmo-  variesUttle 

,  ■^^  ,       TT  ,  -        CI.  between 

ssphere,  will  not  vary  much.    Hence  the  range  oi  the  the  tropics. 

bbarometer  within  the  tropics  is  comparatively  small ; 

aand  it  increases  gradually  as  we  approach  the  poles,  be- 

ccause  the  difference  of  the  temperature,  and  conse- 

pquently  of  the  density,  of  the  atmosphere  increases  with 

tthe  latitude. 

The  diurnal  elevation  of  the  barometer  in  the  torrid 
zzone  corresponding  to  the  tides,  observed  by  Mr  Cas- 
isan  and  others,  must  be  owing  to  the  influence  of  the 
iTnoon  on  the  atmosphere.  This  influence,  notwith- 
sstanding  the  ingenious  attempts  of  D'Alembert  and  se- 
veral other  philosophers,  seems  altogether  inadequate 
tto  account  for  the  various  phenomena  of  the  winds.  It 
iis  not  so  easy  to  account  for  the  tendency  which  the 
I  barometer  has  to  rise  as  the  day  advances,  which  seems 
tto  be  established  by  Mr  Cotte's  table.  Perhaps  it  may 
I  be  accounted  for  by  the  additional  quantity  of  vapour 
;  added  to  the  atmosphere,  which,  by  increasing  the 
I  quantity  of  the  atmosphere,  may  possibly  be  adequate 
to  produce  the  effect. 

The  falls  of  the  barometer  which  precede,  and  the 
( oscillations  which  accompany,  violent  storms  and  hur- 
iricanes,  show  us  that  these  phenomena  are  prod  need 
ihy  very  great  rarefactions,  or  perhaps  destruction  of 
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air,  in  particular  parts  of  the  atmosphere.  The  falls  of 
the  barometer,  too,  that  accompany  winds  proceed  from 
the  same  cause. 

The  falling  of  the  barometer  which  generally  pre- 
cedes rain,  remains  still  to  be  accounted  for  ;  but  we 
know  too  little  about  the  causes  by  which  rain  is  produ- 
ced to  be  able  to  account  for  it  in  a  satisfactory  manner. 


SECT.  11. 


OF  THE  TEMPERATURE  OF  THE  AIR. 


Method  of 
ascertain- 
ing the 
mean  an- 
nual tem- 
perature. 


Though  there  is  a  considerable  difference  in  every 
part  of  the  world  bet^veen  the  temperature  of  the  at- 
mosphere in  summer  and  in  winter ;  though  in  the 
same  season  the  temperature  of  almost  every  day,  and 
even  every  hour,  differs  from  that  which  precedes  and 
follows  it ;  though  the  heat  varies  continually  in  the 
most  irregular  and  seemingly  capricious  manner — still 
there  is  a  certain  mean  temperature  in  every  climate, 
which  the  atmosphere  has  always  a  tendency  to  observe, 
and  which  it  neither  exceeds  nor  comes  short  of  beyond 
a  certain  number  of  degrees.  What  this  temperature 
is,  may  be  known  by  taking  the  mean  of  tables  of  ob- 
servations kept  for  a  number  of  years  ;  and  our  know- 
ledge of  it  must  be  the  more  accurate  the  greater  the 
number  of  observations  is. 

The  mean  annual  temperature  is  greatest  at  the  e- 
quator  (or  at  least  a  degree  or  two  on  the  north  side  of 
it),  and  it  diminishes  gradually  towards  the  poles. 
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ere  it  is  least.  This  diminution  takes  place  in  arlth-  Chap. 
K'tical  progression  ;  or,  to  speak  more  properly,  the 
inual  temperature  of  all  th^, latitudes  are  arithmetical 
leans  between  the  mean  annual  temperature  of  the  e- 
uuator  and  the  pole.  This  was  first  discovered  by  Mr 
flayer ;  and  by  means  of  an  equation  which  he  found- 
ilonit,  but  rendered  considerably  plainer  and  simpler, 
Ilr  Kirwan  has  calculated  the  mean  annual  temperature 
t-f  every  degree  of  latitude  between  the  equator  and  the 
cole.  He  proceeded  on  the  following  principle.  Let 
lie  mean  annual  heat  at  the  equator  be  and  at  the 
cole  m  —  n;  put  o  for  any  other  latitude;  the  mean 
i^jinual  temperature  of  that  latitude  will  he  m  —  «  X  sin. 
I--*.  If  therefore  the  temperature  of  any  tw^o  latitudes 
ee  known,  the  value  of  m  and  n  may  be  found.  Now 
he  temperature  of  north  lat.  40°  has  been  found  by 
be  best  observations  to  be  62.1°,  and  that  of  lat.  Jo°, 
:a  9°.  The  square  of  the  sine  of  40°  is  nearly  0.419, 
rnd  the  square  of  the  sine  of  50°  is  nearly  o.j86. 
Therefore 

m  —  0.41  «  zr  6a. I,  and 
m  —  0.58  n  =  52.9;  therefore 
62.1  -{-0.41  «=:52.9-}-o.58«,  as  each 
if  them,  from  the  two'  first  equations,  is  equal  to  m, 
I'rom  this  last  equation  the  value  of  n  is  found  to  be 
;3  nearly ;  and  m  is  nearly  equal  to  84.  The  mean 
ismperature  of  the  equator  therefore  is  84°,  and  that 
,)f  the  pole  31°.  To  find  the  mean  temperature  for  eve- 
y  other  latitude,  we  have  only  to  find  88  arithmetical 
neans  between  84  and  31.  In  this  manner  Mr  Kir- 
van  calculated  the  following  Table  :  * 
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Table  of  the  Mean  Annual  'Temperature  of  the  Standard 
Situation  in  every  Latitude. 


Lat. 

1  cmpen 

Lat. 

Temper, 

Lat. 

1  Temper. 

90 

31' 

! 

43  5 

3^ 

69. 1 

31-0'f 

00 

44-3 

69.9 

00 

31.10 

59 

45-°9 

3^ 

JO. J 

b7 

3  '-14 

5^ 

45  ° 

29 

T--5 

ou 

57 

40.7 

72'-3 

Q 

^5 

3'^-4 

50 

47-5 

27 

72.0 

fi/i 

31-5 

55 

40.4 

iK) 

73'0 

9,1 
03 

3^-7 

54 

49.2 

74-5 

0  Z 

32- 

53 

24 

7i-4 

0 1 

32.2 

52 

51-^ 

23 

75-9 

00 

3Z.6 

5' 

5^-4 

2  2 

70.5 

79 

3'^-9 

5° 

52.9 

x  i 

77.2 

70 

33-^ 

49 

53  « 

20 

1>T  8 

77.8 

77 

33-7 

48 

54-7 

^9 

7°-3 

70 

34-1 

47 

55  0 

T  8 

I  0 

*i8  n 
70.9 

75 

34-5 

40 

50.4 

17 

79-4 

74 

35- 

45 

57-5 

i  0 

79-9 

73 

35-5 

.44 

5^'4 

^5 

80  /I 
00.4 

7^ 

30- 

43 

59-4 

0  0.  0 

71 

36.6 

42 

60.3 

13 

St  -> 

»i.3 

70 

37-^ 

41 

61.2 

12 

81.7 

69 

37-8 

40 

62. 

I  I 

82. 

68 

38.4 

39 

63. 

10 

82.3 

67 

39-1 

38 

63-9 

9 

82.7 

66 

39  7 

37 

64.8 

8 

82.9 

65 

40.4 

36 

6<;.7 

7 

83.2 

64 

41.2 

35 

66.6 

•  6 

83-4 

63 

41.9 

34 

67.4 

5  1 

836 

62 

42.7 

33 

68.3 

0 

84 

This  Table,  however,  only  answers  for  the  tempera- 
rtire  of  the  atmosphere  of  the  ocean.  It  was  calculated 
for  that  part  of  the  Atlantic  Ocean  which  lies  between 
the  80th  degree  of  northern  and  the  45th  of  southern 
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latitude,  and  extends  westwards  as  far  as  the  Gulf-  ,^^P"'^' 
stream,  and  to  within  a  few  leagues  of  the  coast  of  A- 
merica ;  and  for  all  that  part  of  the  Pacific  Ocean  reach- 
ing from  lat.  45°  north  to  lat.  40°  south,  from  the  20th 
to  the  275th  degree  of  longitude  east  of  London.  This 
part  of  the  ocean  Mr  Kirwan  calls  the  standard ;  the 
rest  of  the  ocean  is  subject  to  anomalies  which  will  be 
afterwards  mentioned. 

Mr  IGrwan  has  also  calculated  the  mean  monthly  ^^^an 

r    ,  "  ■   .     .  monthly 

temperature  of  tne  standard  ocean.    The  prmciples  on  tempera- 

which  he  went  were  these  :  The  mean  temperature  of 
April  seems  to  approach  very  nearly  to  the  mean  an- 
nual temperature  ;  and  as  far  as  heat  depends  on  the 
action  of  the  solar  rajs,  the  mean  heat  of  every  month 
is  as  the  mean  altitude  of  the  sun,  or  rather  as  the  sine 
of  the  sun's  altitude.  The  mean  heat  of  April,  there- 
fore, and  the  sine  of  the  sun's  altitude  being  given,  the 
mean  heat  of  May  is  found  in  this  manner  :  As  the 
sine  of  the  sun's  mean  altitude  in  April  is  to  the  mean 
heat  of  April,  so  is  the  sine  of  the  sun's  mean  altitude 
in  May  to  the  mean  heat  of  May.  In  the  same  manner 
the  mean  heats  of  June,  July,  and  August,  are  found  ; 
but  the  rule  would  give  the  temperature  of  the  suc- 
ceeding months  too  low,  because  it  does  not  take  in  the 
heat  derived  from  the  earth,  which  possesses  a  degree 
of  lieat  nearly  equal  to  the  mean  annual  temperature. 
The  real  temperature  of  these  months  therefore  must 
be  looked  upon  as  an  arithmetical  mean  between  the 
astronomical  and  terrestrial  heats.  Ihus  in  latitude 
51°,  the  astronomical  heat  of  the  month  of  Septem- 
ber IS  44.6°,  and  the  mean  annual  heat  is  52.4°  ;  there- 
fore the  real  heat  of  this  month  should  be  lil^iilli 
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=  48.^.  Mr  Kirwan,  however,  after  going  througli  i 
tedious  calculation,  found  the  results  to  agree  so  ill 
with  observations,  that  he  drew  up  the  following  l  ... 
BLE,  partly  from  principles  and  partly  by  studying  a 
variety  of  sea  journals. 

Table  0/  the  Motithly  Mean  Temperature  of  the  Staml- 
ard from  lat.  ^0°  to  lat.  10". 


Lat. 

Jan. 

Feb. 

Mar. 

Apr 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


80° 


22. 

23- 
27. 

32.6 

36.5 

51- 

JO- 

39- 

33- 

28. 

23- 
22.5 


79' 


22. 

23- 
27. 

32- 

3^- 

51- 
50. 

540. 
5  34- 
529- 
^3- 
^3- 


78° 


^3- 


77°|76< 


23-5 


23-5i24 
28.  28. 


5 

933 
37 


24 

24 
29 


233 
37-J 


4^- 


34-535 

29-530 
24 


23-5 


41. 


24, 
24. 


734 
38 
52 
51 
542 

35 
30 
25 
24 


75^^ 


24 

29 
34 
38.5 
52 


525 


5  3°- 
5  35- 


51 
42 
36 
531 


25 


74'^|73°l72=-|  71 


|25- 

25.5  26. 

30 


5|26.  26.5 
26.5  27. 


54 


35 
j9-  39 

5I-5;52' 

43' 


36-537 
31-532 

26 


^5-5 


26 
26 


531-  131-5 
536.  I36.6 

,540.  140,5 

;53-5!54- 
•52-5;53- 
5  44-  '44.5 
38.  ,38.5 

^32.5;33-; 
527-  127.5;, 
26  5:27. 


Lat.   I  70°  69°  68°  67°  66°  65°  64°  63^  62^-  61°;, 


Jan. 
Feb. 
Mar. 
Apr. 

May 
June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec, 


27 
27 

32- 
37-2 
41. 

54- 
53-5 
45- 

39 

33-5 
28. 


27.5  28 


27- 
28. 


27-5 
528. 

37-^38- 
41.542. 

54-5  54- 

53-5  53 
45.546. 

39.5I40. 

34-  34- 
28.5129. 

28. 


28 
28 

33 

4  39 
42 

5  54 
554 

47 
41 
35 
30 
29 


28 

529 

5 
I 


34 
39 
43 
55 
54 
48 
42 
36 


28. 

3°- 

35- 
740.441 


44- 

55 


29 
31 
36 


45 
55 


54-555 
48.549 


43' 
37- 
32- 


44 
37 
32 


3o-5'3i 


3° 
32 
37 
41 
46 

5  55 
55 
50 
45 

538 

31 


31- 

33- 
38- 

942  7 

47- 
56. 


X 


3^ 

34-  , 

39-  % 

43-5'  ■ 
48.  , 

56. 


55-5  5  v5 


51- 
46. 

39- 
34- 


52- 

47-  j: 

4°-  vr. 

35- 


32-  ■33- 
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60 

■■)  -* 
J  J" 

35' 
40. 

44-: 

49- 
56. 

56. 

53- 
48. 

41. 

36. 

34- 


34 
36 

41 
45 
50 
56 
56 
54 
49 
42 
37 
35 


58; 

35 
37 
42 

"9  45 


5' 
57 
57 
55 
5° 
43 
38 
36 


57°  5^° 


3^ 
38 

43 
846 

5^ 
57 
57 
56 
51 
44 
39 
37 


55' 


37 
39 
44 
747 
53 
57 
58 

57 

52 

45 
40 

38 


38 
40 
45 

548. 

54 
558 

59 
58 

53 

46 

41 
39 


.2 


11 

39- 
41. 

46. 

4  49 

55- 

58. 

60. 

59- 
54- 

47- 
42. 

40. 


53° 152° 


40. 
42. 
48. 
50.2 
56. 

5  59- 
61- 

60. 

55- 
48. 

43- 
41. 


41. 

43- 
49. 

51-1 

57- 

59. 

62. 

61. 

56. 

49. 

44-5 
42. 


^1°  •    Chap.  II. 

42. 
44* 
50- 
52-4 
58. 
60. 

63. 
62. 

7- 

50. 

46. 
44- 


42 
44 
50 
52 
58 
6{ 

63 
63 
58 

50 
46 

44 


49^ 


43-543- 
44.545- 
51- 


52.5 

9  53-8  54-7 
60. 

63- 
65. 

65. 

60. 


59- 

62. 

64. 
64. 


5  59- 
5'- 
47- 
5  45- 


48° 


52. 
48. 
46. 


47' 


42 

45-5 

53 

55 
61 

64. 

66. 

66. 

61. 

53- 
49. 

47- 


5  44- 


656 


46° 


46 

53-5 
4 
62. 

65. 
67. 
67. 
62. 

54. 
50. 

48. 


45' 


44-5 


46.5  47 


54-5 
57-5 

63. 

66. 

68. 
68. 

55- 

51- 
49. 


44' 


45 


j5- 
58. 
64. 
67. 
69. 
69. 
64. 
56. 

52. 
50. 


43' 


45-5 
48. 

56.5 

59'4 
65. 
68. 
69 
69 
66 

57 
53 
I51 


42° 

46. 

49- 
58.5 

60.3 

66. 

69. 


570. 

5  7°- 
68. 

58. 

54- 
52. 


lil 
46.5 
50. 

5  9-5 
61. z 

67. 

70. 

70. 

70. 

^9-5 
59- 
55- 
S3- 


|.an. 

F.^eb. 

\Vlar. 

AApr. 

^Vlay 

I  I'une 

Ifuly 

;Aug. 

5ept. 

Oct. 

Dec. 


40^ 


49- 

53- 
60. 

62. 

68. 

70. 

71' 

71- 
70. 

60. 

56. 

54- 


5  5 


39 


I. 

56. 
60. 

63- 
69. 

I. 

71- 

71- 
I. 

61. 

57- 
55- 


58. 
5  61. 


57 


57 


38'^ 


63. 964. 865. 7  66.667.4 


70. 

71- 
72. 

72. 

71- 

62. 

58. 
56. 


37' 


53-5  55 


60. 

62. 


70-571 


71. 
72. 

72. 
72. 
63. 

59- 
57- 


36°  35 


61. 
63- 


56.5 

62. 

64. 


7I-57I-5 


72.572.572.572.5 


72.5 
64. 
60. 
58. 
U2 


71-5 


72.572.5 


72.5 
65.- 

61. 
59- 


34' 


59- 

63- 
65. 


72. 


72. 
72. 
66. 
62. 
60. 


5^3- 
64.5 

66.5 

68.3 

72.5 
72.5 


72.5 

572.5 
67., 

^53. 
61. 


Ill 

63. 
67. 


32° 

65. 
66. 

67.5 

69.1 

73. 

73- 

73- 

73- 

73- 
68.5 

64.5  65 

62.5  63 


68, 
69, 

73' 

73' 

73' 

73^ 

73' 
69 
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J.n. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


29' 


68.568 
09.571 
70.771 

73-5  74 

73-5  74 

•'3-5  74 

73-5  74 

73-5  74 

70-57^ 
66.5  68 

64  5  66 


28°!  27° 


26" 


.-)3.5  64, 

''9  5  69- 
72.  172. 

5r2-3'7^' 
75-576. 

5 


75-576. 
75-576. 
75-576- 
75-576. 
72.572. 
69.  69 
67.  67 


570. 

73- 

73- 

76. 


64.565 

571 

73 
874 

77 


76.578 


76-5 

765 
76.5 

73- 

57^-5 
68.5 


^5' 


7« 
78 

77 

73 

7^ 
69 


24' 

567. 
72. 

574-575 


5  75-4 
378. 


23 
68 


75 
78 


78.579 

7«-5  79 

78.579 
78.  78 

5  74-5  75 

73-5j74 

70.  \']L 


22''j  21=* 
69.  j7(. 

'7i-5.74- 
75-576. 
976.5,77.2 
79.5|8d. 
79.5180. 
79  5i8o. 
5 


9- 
5  79- 
7j- 
74- 
7i' 


80. 

79- 
77- 
75- 

5  7^- 


7j 


58a 

7j 

73 


Lat. 


Jail. 

Feb. 

Mar. 

Apr. 

May 

June 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


19 


72 

76 

77-5 

78.3 
81. 

81.5 

81.5 

I81.5 

Si. 

79- 

76 

73. 


57: 


i8< 


76. 

78. 
78. 
81. 
82. 
82. 
82. 
81. 
80. 

77- 
74- 


17" 

73-5 
5  77- 
78.5 

9  79-4 
5  82. 
82.5 
82.5 
82.5 
5  82. 
81. 
78. 
75- 


6"  15* 


74- 
77- 
79- 

79 

82. 

83- 

83- 

83- 
82. 

81 

78. 

75- 


74.5 
78. 

79-5 
9  80.4 

83- 
83-5 
83.5 
83.S 


83- 


02. 
79 
5  76- 


14^ 

75- 
78.5 

So. 

80. 

83 
\3- 


88 


83.884 


83.8 

83- 

82  5 

79- 
75.5 


•3' 

76^ 

79- 
8o.{ 

I.; 

83-! 
84. 


84 

83- 

83- 
80. 

77 


12' 


II' 


76-  577-  77- 
79.5  79.^;  80J 

81.  81.581.8 

81.782.  '62 

84-  84.  8_ 

84.3  B4.68 

84-384.68. 

84-384-6 

84-  i84-.S  . 
83.5  83  884. 

8o.5;3o.S  Si 

77-  5'78.  I78.5 


10' 


From  this  Table  it  appears  that  January  is  the  cold-j 
est  month  in  every  latitude,  and  that  July  is'  the  war 
est  month  in  all  latitudes  above  48°.  Inlo.wer  latitud 
August  is  generally  warmest.  The  difference  betwc 
the  hotest  and  coldest  mouths  increases  in  proporticW 
to  the  distance  from  the  equa:or.  Every  habitable  \k 
titude  enjoys  a  mean  heat  of  60"^  for  at  least  two  montl 
this  heat  seems  necessary  for  the  production  of  coa 
Within  ten  degrees  of  the  poles,  the  temperatures 
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r  very  little,  neither  do  they  differ  much  within  ten    Chap.  II. 

egrees  of  the  equator  ;  the  temperature  of  different 

rars  differ  very  little  near  the  equator,  but  they  differ 

lore  and  more  as  the  latitudes  approach  the  poles. 

The  temperature  of  the  earth  at  the  level  of  the  sea  is  Tcmpera- 

ie  same  with  that  of  the  standard  ocean  j  but  this  tern-  ferent^'^*^' 

srature  gradually  diminishes  as  we  ascend  above  that  hteights 

,  .  .  above  the 

wel  till,  at  a  certain  height,  we  arrive  at  the  region  of  sea. 

perpetual  congelation.    This  region  varies  in  height  ac- 

jjrding  to  the  latitude  of  the  place  ;  it  is  highest  at  the 

|:juator,  and  descends  gradually  nearer  the  earth  as  we 

•iproach  the  poles.    It  varies  also  according  to  the  sea- 

))n,  being  highest  in  summer  and  lowest  in  winter. 

II.  Bougucr  found  the  cold  on  the  top  of  Pinchinca, 

me  of  the  Andes,  to  extend  from  seven  to  nine  degrees 

telow  the  freezing  point  every  morning  immediately 

Esfore  sun-rise.    He  concluded,  therefore,   that  the 

iiean  height  of  the  term  of  congelation  (the  place  where 

first  freezes  during  some  part  of  the  day  all  the  year 

)Dund)  between  the  tropics  was  1  5)577  feet  above  the 

i:vel  of  the  sea;  but  in  lat.  28°  he  placed  it  in  sum- 

i.ier  fit  the  heigh  of  13,440  feet.    Now,  if  we  take  the 

lifFerence  between  the  temperature  of  the  equator  and 

lie  freezing  point,  it  is  evident  that  it  will  bear  the  same 

roportion  to  the  term  of  congcLition  at  the  equator 

iiat  the  difference  between  the  m.e'an  temperature  of 

i.iy  other  degree  of  latitude  and  the  freezing  point  bears 

)  the  term  of  congelation  in  that  latitude.    Thus  the 

lean  heat  of  the  equator  being  84°,  the  difference  be- 

veen  it  and  32  is  52;  the  mean  heat  of  lat,  28°  is 

2.3",  the  difference  between  which  and  32  is  40.3  : 

hen  52  :  15577  •  •  4°-3  •  12072.    In  this  manner  Mr 

!irwan  calculated  the  following  Table  : 
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Tempera- 
ture at  a 
distance 
from  the 
sea.  ^ 


Mean  height  of  the 
'I'erm  of  Congclatioa. 
Lat.  Feet. 

°  15577 

5   15457 

10  .  :   i5°67t 

15   14498  % 

20   13719  * 

^5   13030 

30   11592  ^* 

35   10664 

40   9016 

45   7658 

50   6260  .^j 

55  »  •  •  •    4912  lil 

60   3684 

65   2516 

70   1557 

75  ^   748 

80   120 

If  the  elevation  of  a  country  above  the  level  of  the  sea* 
proceeds  at  a  greater  rate  than  six  feet  per  mile,  we  must, 
according  to  Mr  Kirwan  *,  for  dvery  200  feet  of  eleva- 
tion diminish  the  annual  temperature  of  the  standard  in 
that  latitude  as  follows.  If  the  elevation  be  at  the  rate  of 

6  feet  per  mile,  i  of  a  degree 

7  feet  -I- 

13  feet  

15  or  upwards  .  -l 

According  to  him  f  also,  for  every  50  miles  distance 
from  the  standard  ocean,  the  mean  annual  temperature  in 


♦  Tmperature  of  Latitudes,  p.  43. 


t  Ibid  p.  45. 
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rfdifferent  latitudes  is  to  be  depressed  or  raised  nearly  at  ,  Chap.  11.^ 
[the  following  rate  : 

From  lat.  70°  to  lat  35°  depressed    of  a  degree 

35   T 

30   ° 

25  raised  

20   4- 

10   1° 

The  cause  of  the  heat  of  the  atmosphere  is  evidently  Variatioa 
tthe  sun's  rays;  this  has  been  observed  and  acknowledged  ["/g^"^/^'^^" 
iin  all  agfs.    The  heat  which  they  produce  is  less  ae-  plained, 
ccording  as  they  fall  more  obliquely,  hence  the  teinpe- 
irature  constantly  diminishes  from  the  equator  to  the 
jpole,  because  their  obliquity  constantly  increases  with 
tthe  latitude.    But  if  the  heat  depended  on  the  solar 
rrays  alone,  it  would  disappear  in  the  polar  regions  du- 
iring  winter  when  the -sun  ceases  to  rise.  This,  however, 
lis  b-y  no  means  the  case ;  the  mean  temperature,  even 
sat  the  pole,  is  31°;  and  we  find  within  the  arctic  circle 
;as  hot  weather  as  under  the  equator.  .The  reason  of 
•this  is,  that  the  sun's  rays  heat  the  earth  considerably 
•  during  summer:  this  heat  it  retains  and  gives  out 
> slowly  during  winter,  and  thus  moderates  the  violence 
(of  the  cold;  and  summer  returns  before  the  earth  has 
ttime  to  be  cooled  down  beyond  a  certain  degree.  This 
iis  the  reason  that  the  coldest  weather  does  not  take 
place  at  the  winter  solstice,  but  some  time  after,  when 
the  temperature  of  the  earth  is  lowest-,  and  that  the 
greatest  heat  takes  place  also  some  considerable  time 
after  the  summer  solstice,  because  then  the  temperature 
of  the  earth  is  highest.    For  pure  air  is  not  heated  by 
the  solar  rays  which  pass  through  it,  but  acquires  slowly 
the  temperature  of  the  earth  with  which  it  is  in  contact. 
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This  is  the  reason  why  the  temperature  decreases  ac- 
cording to  the  elevation  above  the  level  of  the  sea. 

Since  the. atmosphere  is  heated  by  contact  with  the  ^ 
superficies  of  the  earth,  its  temperature  must  depend  ^ 
upon  the  capacity  of  that  superficies  for  receiving  and  i 
transmitting  heat.  Now  this  capacity  diflers  very  much  . 
in  land  and  water.    Land,  especialy  when  dry,  receives  , 
heat  with  great  readiness,  but  transmits  it  through  its  \ 
own  substance  very  slowly.    Dr  Hailes  found,  that  in  i 
1724,  when  the  air  and  surface  of  the  earth  were  both  at 
88°, a  thermometer  placed  only  two  inches  below  the  sur-  ( 
face  stood  at  85°  ;  another  16  inches  below  the  surface, . 
at  70° ;  and  another  24  inches  deep,  at  68°.  The  two  last 
mentioned  thermometers  retained  the  same  temperature  i 
till  the  end  of  the  month,  though  the  temperature  of 
the  air  frequently  varied,  and  then  fell  only  to  63°  or  A 
61°.    The  earthj  at  about  80  or  90  feet  below  its  sur-- 
face,  constantly  retains  the  same  temperature  ;  and  this 
is  nearly  equal  to  the  mean  annual  heat  of  the  country. 
Hence  the  mean  annual  temperature  of  any  country  .) 
may  be  found  out  pretty  accurately  by  examining  the^j 
heat  of  deep  wells  or  springs.   Water,  on  the  contrary,  f< 
receives  heat  slowly,  on  account  of  its  transparency  i-  / 
but  what  it  does  receive,  is  very  quickly  carried  through 
the  whole  mass.  ' 

Land  is  often  heated  and  cooled  to  a  much  greater  -j 
degree  than  sea  is.  Dr  Raymond  often  found  the  earth  ! 
in  the  neighbourhood  of  Marseilles  heated  to  170°,  but 
he  never  found  the  sea  above  77°' :  in  winter  the  earth  :■'< 
was  often  cooled  down  to  14°,  but  the  sea  never  lower  ? 
than  45°.  The  sea  atmosphere,  therefore,  ought  to  ,, 
preserve  a  much  more  uniform  temperature  than  the  • 
land  atmosphere ;  and  we  find  this  in  fact  to  be  the 
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ise.    The  cause  of  the  greater  equability  of  water  than  ,^^P- 
ud  is  evident.    In  summer  the  surface  of  %he  sea  is 
instantly  cooled  down  by  evaporation  *,  and  in  winter, 
ihenever  the  surface  is  cooled,  it  descends  to  the  bot- 
from  its  increased  gravity,  while  its  place  is  sup- 
.  .  by  warmer  w^ter.    This  process  goes  on  conti- 
Lia.iy,  and  the  winter  is  over  before  the  atmosphere 
as  been  able  to  cool  down  the  water  beyond  a  certain 
:;gree. 

Tliese  observations  will  enable  us  to  explain  the  dif- 
erence  which  takes  place  between  the  annual  tempera- 
iire  of  the  atmosphere  above  the  ocean  and  that  of 
llaces  at  some  considerable  distance  from  it.  As  the 
;;a  is  never  heated  so  highly  as  the  land,  the  mean  sum- 
iier  temperature  at  sea  may  be  considered  all  over  the 
?/orld  as  lower  than  on  land.  During  winter,  when  the 
<ower  of  the  sun's  rays  in  a  great  measure  ceases,  the 
eea  gives  out  heat  to  the  air  much  more  readily  than  the 
aarth  :  the  mean  winter  temperature:  therefore  at  sea  is 
iigher  than  on  Jar.dj  and  in  cold  countries  the  difference 
a  so  great,  that  it  more  than  counterbalances  the  diffe- 
eence  which  takes  place  in  summer  ;  so  that  in  high  la- 
iitudes  the  mean  annual  temperature  ought  to  be  great- 
rr  at  sea  than  on  land.  Accordingly  from  lat.  70°  to 
;;5°,  to  Gnd  the  temperature  of  a  place,  the  standard 
eemperature  for  the  same  latitude  ought,  according  to 
^^r  Kirwan,  to  be  depressed  yd  of  a  degree  for  every 
,  o  miles  distance  ;  for  the  cold  which  takes  place  in 
kvintcr  always  increases  in  proportion  to  the  distance 
irrom  the  standard.  At  a  less  distance  than  50  ftiiles, 
^'he  temperatures  of  land  and  sea  are  so  blended  toge- 
Iher  by  sea  and  land  winds,  that  there  is  litde  difference 
on  the  annual  mean.    In  lower  latitudes  than  30°,  the 
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rajs  of  the  sun,  even  in  winter,  retain  considcraiiic 
power  ;  tlie  surface  of  the  earth  is  never  cooled  ver 
low,  consequently  the  difference  between  the  annual 
temperatures  of  the  sea  and  land  becomes  less.    As  w 
approach  nearer  to  the  equator,  the  power  of  the  sol-' 
rays  during  winter  increases  so  that  the  mean  winte^l 
temperature  of  the  land  atmosphere  approaches  near 
and  nearer  to  that  of  the  sea,  till  at  last  at  the  equato 
it  equals  it.  After  we  pass  lat.  30°,  therefore,  the  me: 
annual  land  temperature  gradually  exceeds  that  of  t 
sea  more  and  more,  till  at  the  equator  it  exceeds  it  a  d 
gree  for  every  50  miles  distance. 

Such  then,  in  general,  is  the  method  of  finding  thft' 
mean  annual  temperature  over  the  globe.  There  are,i: 
however,  several  exceptions  to  these  general  rules/ 
which  come  now  to  be  mentioned. 

That  part  of  tlie  Pacific  Ocean  which  lies  betwee^ 
north  lat.  52°  and  66°  is  no  broader  at  its  northern 
tremity  than  42  miles,  and  at  its  southern  extiemit 
than  1300  miles :  it  is  reasonable  to  suppose,  therefore, 
that  its  temperature  will  be  considerably  influenced  by 
the  surroxmding  land,  which  consists  of  ranges  of  mouHi-' 
tains  covered  a  great  part  of  the  year  with  snow  ;  and 
there  are  besides  a  great  many  high,  and  consequently 
cold,  islands  scattered  throug;h  it.    For  these  reasons 
Mr  Kirwan  concludes,  that  its  temperature  is  at  lea: 
4  or  5  degrees  below  the  standard.  But  we  are  not  y 
furnished  with  a  sufficient  number  of  observations  t9 
determine  this  with  accuracy. 

It  is  the  general  opinion  that  the  southern  hemis- 
phere, bej'^ond  the  40th  degree  of  latitude,  is  consider-*' 
ably  colder  than  the  corresponding  parts  of  the  norths 
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rm  hemisphere.  The  probable  cause  of  which  will  be  Cliap.lL 
5sigried  in  the  Foui  th  Section  of  this  Chapter. 

Small  seas  surrounded  with  land,  at  least  in  tempe-  3.  small 
late  and  cold  climates,  are  generally  warmer  in  sum-  *^^^ 
ner  and  colder  in  winter  than  the  standard  ocean,  be- 
jause  they  are  a  good  "deal  influenced  by  the  tempera- 
iire  of  the  land.    The  Gulph  of  Bothnia,  for  instance, 
)>  for  the  most  part  frozen  in  winter  ;  but  in  summer 
:  is  sometimes  heated  to  70°  5  a  degree  of  heat  never 
00  be  found  in  the  opposite  part  of  the  Atlantic  *.  The 
Jierman  Sea  is  above  three  degrees  colder  in  winter, 
nd  five  degrees  warmer  in  summer  than  the  Atlantic 
The  Mediterranean  Sea  is,  for  the  greater  part  of  its 
!>xtent,  warmer  both  in  summer  and  winter  tlian  the 
Vitlantic,  which  therefore  flows  into  it.  The  Black  Sea 
ss  colder  than  the  Mediterranean,  and  flows  into  itf. 

The  eastern  parts  of  North  America  are  much  colder  ^_  North 
^han  the  opposite  coast  of  Europe,  atid  fall  short  of  the  ^'"e"ca. 
ttandard  by  about  io°  or  as  appears  from  Ame- 
iican  Meteorological  Tables.  The  causes  of  this  re- 
markable difference  are  many.  The  highest  part  of 
^•^orth  America  lies  between  the  40th  and  50th  degree 
ijf  north  latitude,  and  the  looth  and  n  oth  degreie  of 
longitude  west  from  London  ;  for  there  the  greatest  ri- 
sers originate.  The  very  height,  therefore,  makes  this 
;pot  colder  than  it  otherwise  would  be.  It  is  covered 
with  immense  forests,  and  abounds  with  large  swamps 
ind  morasses,  which  render  it  incapable  of  receiving 
my  great  degree  of  heat ;  so  that  the  rigour  of  winter 
s  much  less  tempered  by  the  heat  of  the  earth  than  in 
the  old  continent.    To  the  east  lie  a  number  of  very 
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Book  1.    large  lakes  ;  and  farther  north,  Hudson's  Bay  ;  ahout 
50  miles  on  the  south  of  which  there -is  a  range  of 
mountains  which  prevent  its  receiving  any  heat  from 
that  quarter.    This  bay  is  bounded  on  the  east  by 
the  mountainous  country  of  Labrador  and  by  a  number : 
of  islands.    Hence  (lie  coldncs  of  the  north-west  winds 
and  the  lowness  of  the  temperature.    But  as  the  culti-. 
vated  parts  of  North  America  are  nov^  much  warmer 
than  formerly,  there  is  reason  to  expect  that  the  cli-. 
mate  will  become  still  milder  when  the  country  is  bet- 
ter cleared  of  woods,  though  perhaps  it  will  never  equal, 
the  temperature  of  the  old  continent. 
5.  Islands.        Islands  ai>e  warmer  than  continents  in  the  same  de-"' 
gree  of  latitude  ;  and  countries  lying  to  the  windwar 
of  extensive  mountains  or  forests  are  warmer  than  those, 
lying  to  the  leeward.    Stones  or  sand  have  a  less  ca- 
pacity for  heat  than  earth  has,  which  is  always  some- 
what moist ;  they  heat  or  cool,  therefore,  more  rapidly 
and  to  a  greater  degree.    Hence  the  violent  heat  of 
Arabia  and  Africa,  and  the  intense  cold  of  Terra  del 
Fuego.  Living  vegetables  alter  their  temperature  very 
slowly,  but  their  evaporation  is  great ;  and  if  they  be  ' 
tall  and  close,  as  in  forests,  they  exclude  the  sun's  rays.' 
from  the  earth,  and  shelter  the  winter  snow  from  the 
wind  and  the  sun.    Woody  countries,  therefore,  are 
much  colder  than  those  which  are  cultivated. 


EVAPORATION. 


SECT.  III. 


OF  EVAPORATION  AND  RAIN. 


found  reason  formerly  to  conclude,  that  the  wa- 
tCcr  of  the  atmosphere  exists  in  the  state  of  vapour. 
WVe  are  indebted  to  the  experiments  of  Saussure 
land  De  Luc  for  much  of  our  knowledge  of  the  qua- 
llities  of  vapour.  It  is  an  elastic  invisiljle  fluid  like  Nature  of 
rcommon  air,  but  lighter  ;  being  to  common  air,  accord-  '^^P""''- 
iing-  to  .Saussure,  as  lo  to  14,  or,  according  to  Kirwan, 
aas  10  to  12  :  it  cannot  pass  beyond  a  certain  maximum 
lof  density,  otherwise  the  particles  of  water  which  com- 
jpose  it  unite  together,  and  form  small,  hollow,  visible 
wesicles,  caUed  vesicular  vapour  ;  which  is  of  the  same 
sspecific  gravity  with  atmospherical  air.  It  is  of  this 
\vapour  that  clouds  and  fogs  are  composed.  This  maxi- 
iinum  increases  v/ith  the  temperature  ;  and  at  the  heat 
[of  boiling  water  is  so  great,  that  steam  can  resist  the  * 
vwhole  pressure  of  the  air,  and  exist  in  the  atmosphere 
iin  any  quantity. 

Evaporation,  at  least  in  our  climate,  is  about  four  Quantity  of 
:times  greater  during;  the  summer  than  the  winter  half-  i"oisture  e- 

D  D  ,  vaporated 

year  :  other  things  being  equal,  it  is  so  much  the  more  annually, 
abundant  the  greater  the  difference  is  between  the  tem- 
perature of  the  air  and  of  the  evaporating  surface  ;  so 
much  the  less,  the  nearer  they  approach  to  the  same 
temperature  ;  and  least  of  all  when  they  actually  ar- 
rive at  it.    Whenever  the  atmosphere  is  more  than  15 
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degrees  colder  than  the  evaporating  surface,  little  eva- 
poration takes  place  at  all.    Evaporation  is  powerfully 
promoted  by  winds,  especially  cold  winds  blowing  into 
warm  countries^  or  warm  winds  blowing  into  cold 
countries*.    Tracts  of  land  covered  with  trees  or  ve*^ 
getables  emit  more  vapour  than  the  same  space  covered^ 
with  water.  From  the  experiments  of  Mr  Williams,  the 
quantity  appears  to  be  one-third  moref  :  but  the  melt; 
thod  in  which  these  experiments  were  made  (the  same 
objection  lies  against  several  of  Dr  Hailes's  experi-^ 
ments,  the  original  discoverer  of  the  fact)  prevented^ 
him  from  ascertaining  exactly  the  quantity  of  vapour 
emitted  by  plants.    He  made  the  plants  grow  in  a  hotl 
well  closed  up  from  the  air,  measured  the  quantity  off 
water  with  which  he  supplied  them,  and  at  the  end  of  i 
the  experiment  weighed  the  box  and  the  plants  them-  , 
selves.    By  this  means  he  knew  pretty  accurately  the-^ 
quantity  of  water  which  the  plants  had  absorbed,  an 
which  had  afterwards  disappeared  ;  and  all  this  he  coru. 
eluded  had  been  emitted  by  the  plants  in  the  state 
vapour.     But   it   is   possible  that   plants  have  the., 
power  of  decompounding  water,  of  retaining  the  hy- 
drogen, and  throwing  off  the  oxygen.    A  part  of  the 
v^rater  then  might  be  changed  into  air  ;  and  the  quan- 
tity of  this  ought  to  have  been  ascertained  and  sub- 
tracted.   Still,  however,  the  quantity  of  vapour  emit- 
ted by  vegetables  is  very  great.    Evaporj^tion  is  pro^' 
moted  by  heat,  and  is  therefore  much  greater  in  the 
torrid  zone  than  in  our  latitudes.    There,  too,  the  dif-.-- 
^ference  between  the  quantities  in  summer  and  winter 
is  much  less  than  in  our  climate,  because  the  difference 
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ftween  the  temperature  of  the  two  seasons  is  less. 
!:nimals  also  are  continually  throwing  off  vapour  by 
(Sensible  perspiration  ;  the  quantity  of  which  is  ex- 
ledingly  tlifterent,  according  to  the  climate,  season,  and 
rinperament,  and  cannot  therefore  be  calculated  exact- 
;  but  it  must  be  very  great. 

From  an  experiment  made  by  Dr  Watson  in  Eng- 
nnd,  during  summer,  when  the  earth  had  been  burnt 
!3  by  a  month's  drought  without  rain,  it  appears  that 
\)oo  gallons  of  water  were  evaporated  from  a  single 
rre  in  12  hours. — If  we  were  to  suppose  that  this  rfi- 
;*esented  the  mean  daily  evaporation  all  over  the  globe, 
•  would  be  easy  to  calculate  the  quantity  of  water 
iinually  evaporated  from  the  whole  of  its  surface, 
.uid  if  we  consider  the  state  of  the  earth  when  the  ex- 
e;riment  was  made,  the  situation  of  England  nearer  the 
role  than  the  cqiiator,  and  the  evaporation  constantly 
Djing  on  from  animals  and  vegetables,  which  is  not  ta- 
cen  in,  we  will  surely  not  think  the  mean  assumed  too 
rreat.     1600  gallons  in  I  2  hours  is  3200  in  24  hours, 
{.et  us  call  it  only  3000,  which  is  equal  to  693,000  cu- 
iic  inches.    An  acre  contains  272,640  square  inches  ; 
n  that  the  daily  evaporation  from  every  square  inch 
/ill  be  about  o.ii  of  a  cubic  inch.    This  in  a  year 
'ill  amount  to  somewhat  more  than  40  cubic  inches 
')r  every  square  inch.    From  the  experiments  of  Mr 
Yilliams*,  it  appears,  that  in  Bradford  in  New  Eng* 
;md  the  evaporation  during  1772  amounted  to  42.65 
iches.    But  from  the  way  that  his  experiments  were 
onducted,  the  amount  was  probably  too  great.  These 
xperiments,  however,  serve  to  show  that  our  calcula- 
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tion  is  not  perhaps  verj  remote  from  the  truth.  Now  4 
inches  from  every  square  inch  on  the  superficies  of  th 
globe  make  107,942  cubic  miles,  equal  to  the  water 
nually  evaporated  over  the  whole  globe. 

Were  this  prodigious  mass  of  water  all  to  subsist 
the  atmosphere  at  once,  it  would  increase  its  mass  b" 
about  a  twelfth,  and  raise  the  barometer  nearly  thr: 
inches.    But  this  never  happens,  no  day  passes  wit' 
out  rain  in  some  part  of  the  earth  ;  so  that  part  of  thej 
evaporated  water  is  constantly  precipitated  again.  In-, 
deed  it  would  be  impossible  for  the  whole  of  the  ev 
porated  water  to  subsist  in  the  atmosphere  at  once, 
least  in  the  state  of  vapour.  j 

The  higher  regions  of  the  atmosphere  contain  less  va 
pour  than  the  strata  near  the  surface  of  the  earth.  Thia 
was  observed  both  by  Saussure  and  De  Luc,  who  men/ 
tions  several  striking  proofs  of  it. 

At  some  height  above  the  tops  of  mountains  the  a;' 
mosphere  is  probably  still  drier;  for  it  was  observ 
both  by  Saussure  and  De.-Luc,  that,  on  the  tops 
mountams  the  moisture  of  the  air  was  rather  less  d" 
ring  the  night  than  the  day.'    And  there  can  be  lit 
doubt  that  every  stratum  of  air  descends  a  little  low2' 
during  the  night  than  it  was  during  the  day,  owing  t 
the  cooling  and  condensing  of  the  stratum  nearest  t'^ 
earth.    Vapours,  however,  must  ascend  very  high,  f 
"we  see  clouds  forming-  far  above  the  tops  of  the  higtf, 
est  mountains. 

Rain  never  begins  to  fall  while  the  air  is  transpa*, 
rent  :  the  invisible  vapours  first  pass  their  maximum, 
and  are  changed  into  vesicular  vapours  ;  clouds 
formed,  and  these  clouds  gradually  dissolve  in  rain. 
Clouds,  however,  are  not  formed  in  all  parts  of  the  ho 
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ion  at  once  J  the  formation  begins  in  one  particular     Clup.  If. 
.»t,  while  the  I  eat  of  the  air  remains  clear  as  before: 
is  cloud  rapidly  increases  till  it  overspreads  the  whole 
•izon,  and  then  the  rain  becjins. 

t  is  remarkable,  that  though  the  greatest  qhantity  Formation 
.vapours  exist  in  the  lower  strata  of  tlie  atmosphere, 
uds  never  begin  to  form  there,  but  always,  at  some 
isiderable  height.  It  is  remaikablcj  too,  that  the  part 
the  atmosphere  at  which  they  form  has  not  arrived 
the  point  of  extreme  moisture,  nor  near  that  point 
:n  a  moment  before  tlieir  formation.  TIjey  are  not 
med,  then,  because  a  greater  quantity  of  vapour  had 
into  the  atmospliere  tlian  could  remain  there  with- 
passing  its  maximum.  It'is  still  more  remarkable, 
:t  when  clouds  are  formed,  the  temperature  of  the 
it  in  which  they  are  formed  is  not  ahvays  lowered, 
ugh  this  may  sometimes  be  the  case.  On  the  con- 
Ty,  the  heat  of  the  clouds  tliemselves  is  sometimes 
iater 'tllan  that  of  the  surrounding  air*.  Neither 
11  is  the  formation  of  clouds  owing  to  the  capacity  of 
I  for  combining  with  moisture  being  lessened  by  cold : 
^^ar  from  that,  we  often  see  clouds,  which  had  remain- 
rn  the  atmosphere  during  the  heat  of  the  day,  disap- 
:r  in  the  night,  after  tlie  licat  of  the  air  was  dimi- 
led. 

The  formation  of  clouds  and  rain,  then,  cannot  be  ac-  And  rain 
nted  for  by  a  single  principle  with  which  we  are  ac-  accounted 
intcd.    It  is  neither  owing  to  the  saturation  of  the 
osphere,  nor  the  diminution  of  heat,  nor  the  mix- 
:  of  airs  of  different  temperatures,  as  Dr  Hutton 
vposcs  ;  for  clouds  are  often  formed  without  any 
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Book  I.  ■wind  at  all  either  above  or  below  them  ;  and  even  if 
this  mixture  constantly  took  place,  the  precipitatioDj 
instead  of  accounting  for  rain,  would  be  almost  imper- 
ceptible. 

It  is  a  very  remarkable  fact,  that  evaporation  often 
goes  on  for  a  month  together  in  hot  weather  without 
any  rain.  This  sometimes  happens  in  this  country , 
it  happens  every  year  in  the  torrid  zone.  Thus  at  C; 
cutta,  during  January  1785,  it  never  rained  at  all 
the  mean  of  the  thermometer  for  the  whole  month 
66^  degrees;  there  was  no  high  wind,  and  indeed 
ring  great  part  of  the  month  little  wind  at  all. 

The  quantity  of  water  evapxarated  during  such 
drought  must  be  very  great ;  yet  the  moisture  of 
air,  instead  of  being  increased,  is  constantly  diminisl 
ing,  and  at  last  disappears  almost  entirely.  For  the  d 
which  is  at  first  copious,  diminishes  every  night ; 
if  Dr  Watson's  experiment  formerly  mentioned  be 
tended  to,  it  will  not  be  objected  that  the  quuntity 
evaporation  is  also  very  much  diminished.  Of  the  vi 
dry  state  to  which  the  atmosphere  is  reduced  durii 
long  droughts,  the  violent  thunder-storms  with  wh: 
they  often  conclude  is  a  proof,  and  a  very  decisive  01 
Now  what  becomes  of  all  this  moisture  ?  It  is  not  m 
cumulated  in  the  atmosphere  above  the  country  frdfc 
which  it  was  evaporated,  otherwise  the  whole  atmt- 
sphere  would  in  a  much  less  period  than  a  month  h 
perfectly  saturated  with  moisture.    If  it  be  carried  u 
daily  through  ths  different  strata  of  the  atmospheK 
and  wafted  to  other  regions  by  superior  currents  of 
how  is  it  possible  to  account  for  the  different  electrifll 


*  Asiatic  Researches,  ii.  Appendix. 
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of  the  clouds  situated  between  difFerent  strata,    Chap.  ir. 

ch  often  produces  the  most  violent  thunder  storms  ? 
re  not  vapours  conductors  of  the  electric  fluid^ ;  and 
->uld  thej  not  have  daily  restored  the  equilibrium 
the  whole  atmosphere  through  which  they  passed? 
!,id  they  traversed  the  atmosphere  in  this  manner, 
'?re  would  have  been  no  negative  and  positive  clouds, 
id  consequently  no  thunder-storms.  They  could  not 
we  remained  in  the  lower  strata  of  the  atmosphere, 

been  daily  carried  off  by  winds  to  other  countries  ; 
•  there  are  often  no  winds  at  all  during  several  days 
[perform  this  office ;  nor  in  that  case  would  the  dews 
.naiibh,  nor  could  their  presence  fail  to  be  indicated  by 
J  hygrometer. 

It  is.  impossible  for  us  to  account  for  this  remarkable 
tt  upon  any  principle  with  which  we  are  acquainted, 
ue  water  can  neither  remain  in  the  atmosphere,  nor 
sjs  through  it  in  the  state  of  vapour.    It  must  there- 
e  assume  some  other  form;  but  what  that  form  is, 
ihow  it  assumes  it,  we  know  not. 
iPhere  are  then  two  steps  of  the  process  between  eva- 
ration  and  rain,  of  which  at  present  we  are  complete- 
ignorant  :  I.  What  becomes  of  the  vapour  after  it 
xers  into  the  atmosphere.  2.  What  makes  it  lay  aside 
'  new  form  which  it  must  have  assumed,  and  return 
lin  to  its  state  of  vapour,  and  fall  down  in  rain.  And 
tiiese  two  steps  be  discovered  by  experiments  and 
iervations,  it  will  be  impossible  for  us  to  give  a  ra- 
nal  or  a  useful  theory  of  rain. 

Dr  Pratt  of  Exeter  has  endeavoured  to  prove,  in  a 
■y  ingenious  treatise,  thtit  water  is  decomposed  du- 
:g  its  evaporation,  and  converted  into  oxygen  and  hy- 
£>gen  gas ;  but  the  absence  of  any  j)erccptible  quan- 
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tity  of  this  last  gas  in  the  atmospliere,  even  when  rail 
is  actually  forming,  cannot  be  accounted  for  unless  wi 
suppose  that  the  products  of  the  decomposition  are  di 
ferent.    Girtanner's  theory,  that  azot  is  composed 
hydrogen  and  oxygen,  would  remove  every  difficulty! 
but  unfortunately  thiit  theory  is  not  only  destitute. o| 
proof,  but  militates  against  the  known  properties  cm 
water,  azot,  and  hydrogen.  We  must  therefore  be  cau§ 
tious  in  drawing  any  conclusion  till  future  discoverii 
have  removed  the  obscurity  in  which  the  phenomena 
rain  are  at  present  involved. 

The  mean  annual  quantity  of  rain  is  greatest  at  t 
equator,  and  decreases  gradually  as  we  approach  the 


poles. 


Thus  at 


I  20 
8r 

39 
16 


*Granada,  Antilles,  12°  N.  lat.  it  is  126  inches 

*Cape  Francois,  St 

Domingo  .  .  .  .19°  46'  .  . 

f  Calcutta  22   23   .  , 

*Rome  41  54 

I  England  33 

^Petersburgh  ....  59  16  . 
On  the  contrary,  the  number  of  rainy  days  is  small 
at  the  equator,  and  increases  in  proportion  to  the 
stance  from  it.  From  north  latitude  12°  to  43"^  the 
mean  number  of  rainy  days  is  78  ;  from  43°  to  46°  the 
mean  number  is  103  ;  from  46°  to  50°  it  is  134  ;  froil> 
51°  to  60°,  161^. 

The  number  of  rainy  days  is  often  greater  in  winter 


•  Cotte,  Jour,  de  Piys.  Oft.  1791,  p.  264. 
•j-  Atiatic  Researches,  L  and  li.  Appendix, 
t  Pl>n.  Trans.  J  f.iiin.  Trans,  a.  2144. 

1  P.  Cotte,  Ibid. 
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an  in  summer  ;  bat  the  quantity  of  rain  is  greater  in  ^  Chap,  it.  ^ 
iimmer  than  in  winter  *.    At  Petersburgh,  the  num- 
::r  of  rainy  or  snowy  days  during  winter  is  84,  and 
,i.e  quantity  which  fails  is  only  about  live  inches  ;  du- 
nng  summer  the  number  of  rainy  days  is  nearly  the 
:me,  but  the  quantity  which  falls  is  about  11  inchtsf. 
More  rain  falls  in  mountainous  countries  than  in 
•lins.    Among  the  Andes  it  is  said  to  rain  almost  per- 
::tuaily,  while  in  Egypt  it  liardly  ever  rains  at  all.  If 
rrain-gauge  be  placed  on  the  ground,  and  another  at 
;me  height  perpendicularly  above  it,  more  rain  will 
collected  into  the  lower  than  into  the.higlier;  a  proof 
.at  the  quantity  of  rain  increases  as  it  descends,  ow- 
:g  perhaps  to  the  drops  attracting  vapour  during  their 
!ssage  through  the  lower  strata  of  the  atmosphere 
.here  the  greatest  quantity  resides.   This,  however,  is 
tt  always  the  case,  as  Mr  Copland  of  Dumfries  dis- 
^vered  in  the  course  of  his  e^iperiments :[:.    Ke  ob- 
rrvcd  also,  that  when  the  quantity  of  rain  collected  in 
C2  lower  gauge  was  greatest,  the  rain  commonly  con- 
nued  for  some  time  ;  and  that  the  greatest  quantity 
us  collected  in  the  higher  gauge  only  either  at  the  end 
great  rains,  or  during  rains  which  did  not  last  long, 
iiese  observations  are  important,  and  may,  if  follow- 
out,  give  us  new  knowledge  of  the  causes  of  rain, 
ley  seem  to  show,  that  during  rain  the  atmosphere  is 
snehow  or  other  brou2.ht  into  a  state  which  induces 
tto  part  with  its  moisture  ;  and  that  the  rain  conti-- 
ces  as  long  as  this  state  continues.    Were  a  sufficient 
imber  of  observations  made  on  tliis  subject  in  different 


*  P.  Cottc,  Jour,  de  PLy.  Oct.  1791,  264. 

t  EJin.  Trans,  ii.  \  Mancbest.  Ti  cns.  iv.  619. 
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places,  and  were  the  atmosphere  carefully  analysed 
ring  dry  weather,  during  rain,  and  immediately  af( 
rain,  we  miglit  soon  perhaps  discover  the  true  the 
of  rain.  - 

■  Rain  falls  in  all  seasons  of  the  year,  at  all  times  i 
the  day,  and  during  the  night  as  well  as  the  day  ;  th^ 
according  to  M.  Toaldo,  a  greater  quantity  falls  duri; 
the  day  than  the  night.  The  cause  of  rain,  then,  wh 
ever  it  may  be,  must  be  something  which  operates  at 
times  and  seasons.  Rain  falls  also  durino-  the  contin 
ance  of  every  wind,  but  oftenest  when  the  wind  bio 
from  the  south.  Falls  of  rain  often  happen  likewise  d^ 
ring  perfect  calms.  i 

It  appears  from  a  paper  published  by  M.  Cotte  in  thfl 
'Journal  de  PhyAque  for  October  1791,  containing  the 
mean  quantity  of  rain  falling  at  147  places,  situated 
between  north  lat.  11°  "and  60-,  deduced  from  tables 
kept  at  these  places,  that  the  mean  annual  quantity  of 
rain  falling  in  all  these  places  is  34.7  inches.  Let  us 
suppose  then  (which  cannot  be  very  far  from  the  tru;  1) 
tliat  the  mean  annual  quantity  of  rain  for  the  whole 
globe  is  34  inches.  The  superficies  of  the  globe  consists 
of  1 70, 981, 012  square  miles,  or  686,401,498,471,475,21 
square  inches.  The  quantity  of  rain  therefore  falling  ann 
nually  will  amount  to  23,337,650,81  2,030, 156,800  cu-j 
bic  inches,  or  somewhat  more  than  gi^j^i  cubic  mil« 
of  water.  This  is  16,191  cubic  miles  of  water  less  thsa 
the  quantity  of  water  evaporated.  It  seems  probabl 
therefore,  if  the  imperfection  of  our  data  warrant  aji; 
conclusion,  that  some  of  the  vapour  is  actually  deconi' 
posed  in  the  atmosphere,  and  converted  into  oxygen 
and  hydrogen  gas. 

The  dry  land  amounts  to  52,745,253  square  mileS 
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ae  quantity  of  rain  falling  on  it  annually  therefore  will  Chap. 

mount  to  30,960  cubic  miles.    The  quantity  of  water 

inning  annually  into  the  sea  is  13,140  cubic  miles  ;  a 

nantity  of  water  equal  to  which  must  be  supplied  by 

raporation  from  the  sea,  otherwise  the  land  would  soon 

.!  completely  drained  of  its  moisture. 

The  quantity  of  rain  falling  annually  in  Great  Bri-  Rain  in 
■  •         \  r  Britain, 

an  may  be  seen  from  the  following  Table  : 


Ycsrs  of 

Place*. 

K  nn  m 

'.•bservation. 

inches. 

3 

37-5^ 

5 

23.6 

^  8 

/  J 

8 

^3-9 

45 

•  22.210 

5 
8 

Chatsworth,  Derbyshire  *  .  .  . 

27.865 

43-1 

18 

34-41 

7 

40-3 

5 

61.223 

14 

36.127 

,  10 

Braxholm,  44  miles  south-west 

31.26 

5 

36.73 

5 

Dalkeith  II  

25.124 

20 

31- 

8 

Hawkhill**  

28.966 

Mean 

3^-532 

M.inchesl.  Trnns.  iv.  f  Vhil,  Trans.  Tables  of  Obserrations. 

Ibid.  vol.  L*cxix.  part  i.  §  Mr  Barker,  Ibid. 

EJ'in.  Trans,  i.  2o8.  f  Statist.  Account  of  Scotland,  v.  2/)  ^, 

•*#  Edin.  Tranf.  i.  333. 
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In  this  country  it  generally  rains  less  in  March  ihaa^ 
in  November,  in  the  proportion  at  a  medium  of  7  ta-^ 
It  generally  rains  less  in  April  than  October  in  the' 


12 


proportion  of  i  to  2  nearly  at  a  medium.  It  generally 
rains  less  in  May  than  September,  the  chances  that  it 
does  so  arq  at  least  as  4  to  3  i  bu,t  when  it  rains  plen- 
tifully in  May  (as  1,8  inches  or  more),  it  generally 
rains  but  little  in  September  ;  and  when  it  rains  one' 
inch  or  less  in  May,  it  rains  plentifully  in  September*, 


SECT.  IV. 

OF  WIND. 

N  o  'phenomenon  in  meteorology  has  more  engaged 
the  attention  of  men  of  observation  than  the  winds,  or 
those  cuvrents  which  so  often  disturb  the  tranquillity  of 
the  atmosphere.    The  su'oject  is  not  only  curious,  but* 
highly  interesting  J  for  upon  their  direction  and  forcej 
navigation  in  a  great  measure  depends;  the  temperature^ 
of  climates  is  greatly  influenced  by  them  ;  and  they  ar« 
absolutely  necessary  to  preserve  the  salubrity  of  the  at-| 
mosphere.    To  be  acquainted  with  the  laws  by  which' 
they  are  regulated,  and  to  be  able  to  calculate  before' 
hand  rhe  consequences  of  these  laws,  has  been  in  ever 
age  the  eager  wish  of  philosophers.  But  whether  it  ha 
been  owing  to  an  improper  method  of  studying  this  su" 
ject,  or  to  its  lying  beyond  the  reach  of  the  human  fa 


*  Kirwan,  Irish  Trans,  v.  ai. 
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ukles,  philosophers  have  not  made  that  progress  in  it 
ivhich  the  sanguine  imaginations  of  some  individuals  led 
lem  to  expect.    Many  discoveries  indeed  have  been 
nade  5  and  from  tlie  numbers  and  the  genius  of  the 
•hilogophers  at  prestnt  engaged  in  this  study,  others 
Lqually  important  may  be  expected.  But,,  notwithstand- 
pg  this,  many  of  the  phenomena  remain  unexplain- 
.d,  and  a  rational  and  satisfactory  theory  seems  still 
.eyond  our  reach.    I  shall  in  this  Section  give  as  com- 
lete  a  detail  as  possible  of  the  natural  history  of  the 
•inds  in  the  different  parts  of  the  vv'orld,  and  then  con- 
iiderhov/  they  may  be  explained. 
As  the  winds  are  much  more  regukr  between  the  i.  Windam 

^,        .      ,  • Ml  L  .the  torrid 

rcopics  4;han  ni  the  temperate  zones,  it  will  be  proper  in  z^ne, 
iie  first  place  to  begin  with  them. 

In  those  parts  of  the  Atlantic  and  P.icific  Oceans  Trade- 
'hich  lie  nearest  the  equator,  there  is  a  regular  wind  ^^'^  * 
luring  the  whole  year  called  the  trade-wind.  On  the 
orth  side  of  the  equator  it  blows  from  the  north-east, 
aarying  frequently  a  point  or  two  towards  the  north  or 
aast;  and  on  the  south  side  of  it,  from  the  south-east ; 
Changing  sometimes  in  the  same  manner  towards  the 
couth  or  east.  The  space  included  between  the  second 
r.nd  fifth  degree  of  north  latitude  is  the  internal  limit  of 
lese  two  winds.  There  the  winds  can  neither  be  said 
)3  blow  from  the  north  nor  the  south  ;  cahns  are  fre- 
uent,  and  violent  storms.  This  space  varies  a  little  in 
ititude  as  the  sun  approaches  either  of  the  tropics. — ' 
n  the  Atlantic  Ocean  the  trade^winds  extend  farther 
forth  on  the  American  than  on  the  African  coast  j  and 
ss  we  advimce  westward,  they  become  gradually  more 
asterly,  and  decreiise  in  strength  *.    'i'heir  force  di- 


*  Dr  Hallcy,  Vbil.  Trans.  Abr.  vol.  ii.  p.  134. 
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V-^""^  ^  '  "^"'"'^'^'^'^^  likewise  as  we  approach  their  utmost  boun- 
daries. It  has  been  remarked  also,  that  as  the  sun  ap- 
proaches the  tropic  of  Cancer,  the  south-east  winds 
become  gradually  more  southerly,  and  the  north-east 
winds  more  easterly:  exactly  the  contrary  takes  place 
when  the  sun  i$  approaching  the  tropic  of  Capricorn*. 

Monsoons.      The  trade-wind  blows  constantly  in  the  Indian  Ocean 
from  the  loth  degree  of  south  latitude  to  near  the  30th: 
But  to  the  northward  of  this  the  winds  change  every  six 
months,  and  blow  directly  opposite  to  their  former 
course.    These  regular  winds  are  called  ;«o;woo«j,  from 
the  Malay  word  nioossin^  which  signifies  "  a  season  f ." 
When  they  shift  their  direction,  variable  winds  and  ' 
violent  storms  succeed,  which  last  for  a  month  and  fre^/ 
quently  longer  ;  and  during  that  time  it  is  dangerous  > 
for  vessels  to  continue  at  sea. 

The  monsoons  in  the  Indian  Ocean  may  be  reduced ' 
to  two  ;  one  on  the  north  and  another  on  the  south  side  , 
of  the  equator  j  which  extend  from  Africa  to  the  lon- 
gitude of  New  Holland  and  the  east  coast  of  China,  and 
which  suffer  partial  changes  in  particular  places  from 
the  situation  and  inflection  of  the  neighbouring  coun-' 
tries. 

1.  Between  the  3d  and  loth  degrees  of  south  lati- 
tude the  south-east  trade- wind  continues  from  April  to;jf 
October  j  but  during  the  rest  of  the  year  the  wind  blows,t| 
from  the  north-west  J.    Between  Sumatra  and  New 
Holland  this  monsoon  blows  from  the  south  during  our 
summer  months,  approaching  gradually  to  tlie  south-?  ^ 


*  Dr  lialley;  Pb'i!.  Truns.Ahr.  vol.  ii.  p. 

t  Forest's  Voyag.;,  p.  95. 

I  Dr  Hallcy,  Phil,  Trans.  Abr.  vol  ii.  .136. 
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,ist  as  wc  advance  towards  the  coast  of  New  Holland  ;  ^  Chap, 
changes  about  the  end  of  September,  and  continues 
!  the  opposite  direction  till  April  *.    Between  Africa 
id  Madagascar  its  direction  is  influenced  by  the  coast; 
jr  it  blows  from  the  north-east  from  October  to  April, 
and  during  the  rest  of  the  year  from  the  south-west 

2.  Over  all  the  Indian  Ocean,  to  the  northward  of 
•the  3d  degree  of  south  latitude,  the  north-east  trade- 
wind  blows  from  October  to  April,  and  a  south-west 
vwind  from  April  to  October  ^.  From  Borneo,  along 
tthe  coast  of  Malacca  and  as  far  as  China,  this  monsoon 
iin  summer  blows  nearly  from  the  south,  and  in  winter 
ifrom  the  north  by  east  §.  Near  the  coast  of  Africa, 
[between  Mozambiqv.e  and  Cape  Guardefan,  the  winds 
cars  irregular  during  the  whole  year,  owing  to  the  dilFe- 
rrent  monsoons  which  surround  that  particular  place. 
IMonsoons  are  likewise  regular  in  the  Bed  Sea;  between 
April  and  October  they  blow  from  the  north-  west,  and 
(during  the  other  months  from  the  south -east,  keeping 
cconstanily  paralk'l  to  tlie  coast  of  Arabia  ||, 

Monsoons  are  not  altogether  confined  to  the  Indian 
(Ocean;  on  the  coast  of  Brazil,  between  Cape  St  Au- 
gustine and  the  island  of  St  Catherine,  the  wind  blows 
: between  September  and  April  from  the  east  or  noriii- 
east,  and  between  April  and  September  fi'om  the  south- 
west^.   The  bay  of  Panama  is  the  only  pbce  on  the 
west  side  of  a  great  continent  where  the  wind  shifts 


*  Dr  H?Mj,  PLU.  7'/v/n.r.  Abr.  vol.  ii.  p. 
f  Brucc.'s  Tra-veltj  vol.  i.  p.  459. 

t  Dr  Halley,  Phil.  J  /(///j.  Abr.-vol.  ii.  p.  136. 

§  Dr  Halley,  ibid. 

[:  Eruce's  Tiyive/s,  vol.  i.  ch.  4. 

*  .Sir  Walter  Raleigh's  Voynge,  Forest's  royagc,x>.  97. 
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Book  ].  regularly  at  different  seasons:  there  it  is  easterly  between 
September  and  March  ;  but  between  March  and  Sep- 
tember it  blows  chiefly  from  the  south  and  south-west. 

Such  in  general  is  the  direction  of  the  winds  in  the 
torrid  zone  all  over  the  Atlantic,  Pacific,  and  Indian 
Oceans;  but  they  are  subject  to  particub.r  cxcep. 
tions,  which  it  is  proper  to  enumerate. —  On  the  coast 
of  Africa,  from  Cape  Bayador  to  Cape  Verde,  the 
winds  are  generally  north-west ;  from  hence  to  the 
island  of  St  Thomas  near  the  equator  they  blow  almost 
perpendicular  to  the  shore,  bending  gradually,  as  we 
advance  southwards,  first  to  the  west  and  then  to  the 
south-west  *.  On  the  coast  of  New  Spain  likewise, 
from  California  to  the  Bay  of  Panama,  the  winds  blow 
almost  constantly  from  the  west  or  south-west,  except 
during  May,  June,  and  July,  when  land-winds  prevail, 
called  by  the  Spaniards  Popogayos.  On  the  coast  of 
Chili  and  Peruf,  from  20°  or  30°  south  latitude,  to  the 
equator,  and  on  the  parallel  coast  of  Africa,  the  wind 
blows  during  the  whole  year  frpm  the  south,  varying 
according  to  the  direction  of  the  land  towards  which  it 
inclines,  and  extending  much  farther  out  to  sea  on  the 
American  than  the  African  coast,  'i  he  trade  winds 
are  also  interrupted  sometimes  by  westerly  winds  in  the 
Bay  of  Campeachy  and  the  Bay  of  Honduras. 

As  to  the  countries  between  the  tropics,  we  are  too 
little  acquainted  with  them  to  be  able  to  give  a  satisfac- 
tory history  of  their  winds. 
Sea  and  In  all  maritime  countries  between  the  tropics  of  any 

^7xt  extent,  the  wind  blows  during  a  certain  number  of  hours 


*  Dr  Halley,  PLil.  Tram.  Ahr.  vol.  li.  p.  136. 

f  Sir  Walter  Raleigh's  Voyagc.—'Dv  Garden, /'W.rr.Kj.Abr.vGl.  ii.  p.132. 
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-ry  day  from  the  sea,  and  during  a  certain  number    Chap.  II.  ^ 
wards  the  sea  from  the  land ;  these  winds  are  called 
J  sea  and  land  breezes.    The  sea-breeze  generally  sets 
about  ten  in  the  forenoon,  and  blows  till  six  in  the 
cning  ;  at  seven  the  land  breeze  begins,  and  continues 
1  eight  in  the  morning,  when  it  dies  away  *.  During 
;summer  the  sea-breeze  is  very  perceptible  on  all  the 
icoasts  of  the  Mediterranean  Sea  f ,  and  even  sometimes 
as  far  north  as  Norway  :|:. 
In  the  island  of  St  Lewis  on  the  coast  of  Africa,  in  Wmdsin 

St  Lewis, 

n6°  north  latitude,  and  16°  west  longitude,  the  wind 
Jduring  tl;e  rainy  season,  which  lasts  from  the  middle  of 
July  to  the  middle  of  October,  is  generally  between  the 
5outh  and  east  i  during  the  rest  of  the  year  it  is  for  the 
most  part  east  or  north-east  in  the  morning  ;  but  as  the 
un  rises,  the  wind  approaches  gradually  to  the  north, 
cill  about  noon  it  gets  to  the  west  of  north,  and  is  called 
11  sea-  breeze.  Sometimes  it  shifts  to  the  east  as  the  sun 
Idescends,  and  continues  there  during  the  whole  night. 
In  February,  March,  April,  May,  and  June,,  it  blows 
aaimost  constantly  between  the  north  and  west§.  In  Balama, 
ihe  island  of  Balama,  which  lies  likewise  on  the  west 
ccoast  of  Africa,  in  the  nth  degree  of  north  latitude,  the 
vwind  during  nine  months  of  the  year  blows  from  the 
S'South-west;  but  in  November  and  December  a  verv  cold 
m'md  blows  from  the  north-east  ||. 

In  the  kingdom  of  Bornou,  which  lies  between  the  Bornou, 
u6th  and  20ih  degree  of  north  latitude,  the  warm  sea- 
ison  is  introduced  about  the  mid. lie  of  April  by  sultry 


*  Marsden's  Hitt.of  Sumatra, -p.  17. — Buifon's  Nat.  Hisl.  vol.  i.  p.  385. 
f  Volney's  Travels. 

^  Pontoppidon's  Nut.  f.Iist,  if  Sorivay. 
§  Dr  Schotte,  Phil  Trans,  vol.  Ixx.  art.  25. 
P.  Beaver,  Esq.    See  Map  in  Wadstrom's  Essay  on  Colonization. 
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^ookl.  winds  , from  the  south-east,  which  bring  along  with 
Vezzan,  t^i^""!  a  deluge  of  rain  *.  In  Fezzan,  \f  hith  is  situated 
about  the  2iith  degree  of  north  latitude  and  the  35th 
degree  of  east  longitude,  the  wind  from  May  to  August 
blows  from  the  east,  south-east,  or  south-wefst,  and  is- 
intensely  hot  f. 

Abyssinia,  In  Abyssinia  the  winds  generally  blow  from  the  west, 
north-west,  north,  and  north-east.  During  the  months 
of  June,  July,  August,  September,  and  October,  the 
north  and  north-east  winds  blow  almost  constantly,: 
especially  in  the  morning  and  evening ;  and  during  the 
rest  of  the  year  they  are  much  more  frequent  than  any 
other  winds 

At  Calcutta,  in  the  province  of  Bengal,  the  wind 
blows  during  January  and  February  from  the  south- 
west and  south-,  in  March,  April,  and  May,  from  the 
south  ;  in  June,  July,  August,  and  September,  from  the, 
south  and  south-east ;  in  October,  November,  and  De- 
cember, from  the  north-west  §.  At  Madras  the  most 
frequent  winds  are  the  north  and  north-east.  At  Ti-^ 
voli  in  St  Domingo,  and  at  lies  de  Vaches,  the  wind 
blows  oftenest  from  the  south  and  south-east  ||. — From 
these  facts  it  appears,  that  in  most  tropical  countries 
with  which  we  are  acquainted,  the  wind  generally  blows 
Jf-om  the  nearest  ocean,  except  during  the  coldest 
months,  when  it  blows  towards  it. 

In  the  temperate  zones  the  direcpon  of  the  winds  is 
zones.        by      means  so  regular  as  between  the  tropics.  Even 


East  and 
West  In- 
(lit's. 


2.  In  the 

temperate 


*  African  Aiiqciation,  p.  200.  f  Ibid. 

X  Bruce's  Tiai-cJi,  vol.  iv.  p,  651. 

§  As'uiic  Eaeaicles,  vols.  i.  and  ii.  Append. 

!!  P.  Cottc,  Jour.  Jc  PLys.  1 79 1.. 
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1  the  same~  degree  of  latitude  we  find  them  often  blow-     Chap.  n. 
g  hi  different  directions  at  the  same  time  ;  while  their 
•langes  are  frequently  so  sudden  and  so  capricious,  that 
)  account  for  them  has  liitherto  been  found  impos- 
ible.     When  winds  are  violent,  and  continue  long, 
Ihej  generally  extend  over  a  large  tract  of  country  ; 
Ind  this  is  more  certainly  the  case  when  they  blow 
irom  the  north  or  east  than  from  any  other  points*. 
By  the  multiplication  and  comparison  of  Meteorolo- 
laical  Tables,  some  regular  connection  between  the 
:bhanges  of- the  atmosphere  indifferent  -places  may  in 
lime  be  observed,  which  will  at  last  lead  to  a  satisfac- 
tory theory  of  the  winds.  It  is  from  such  tables  chiefly 
i:hat  the  following  facts  have  been  collected. 

In  Virginia,  the  prevailing  winds  are  between  the  In  America, 
south-west,  west,  north,  and  north-west  ;  the  most  fie- 
jjuent  is  the  south-west,  which  blows  more  constantly 
m  June,  July,  and  August,  than  at  any  other  season. 
DThe  north-west  winds  blow  most  constantly  in  No vem- 
oer,  December,  January,  and  February  f — At  Ips- 
iwich  in  New  England  the  prevailing  winds  are  also  be- 
:ween  the  south-west,  west,  north,  and  north-east  ;  the 
most  frequent  is  the  north-west t  :  But  at  Cambridge, 
in  the  same  province,  the  most  frequent  wind  is  the 
;iOuth-east§.  The  predominant  winds  at  New  York 
are  the  north  and  v/est  ||  :  And  in  Nova  Scotia  north- 
iwest  winds  blow  for  three-fourths  of  the  year^. — The 
isame  wind  blows  most  frequently  at  Montreal  in  Ca- 


*  Derham's  PLysico-Tlnology,  ch.  ii. 

I  JePFerson's  Virginia,  p,  123. — Trans,  Philad.  ii.  art.  10. 

\  Trans.  Aincr.  Acad.  i.  336.  \  M.  Cotte,  Jour,  de  F/jys.iy^i. 

H  Ibid.  ^  Present  Siate  of  Nova  Scotia  and  Canada,  p.  38. 
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nada  ;  but  at  Quebec  the  wind  generally  follows  thcv! 
direction  of  the  river  St  Lawrence,  blowing  cither  from  J 
the  north-east  or  south-west  *.-;— At  Hudson's  Bay  * 
westerly  winds  blow  for  three-fourths  of  the  year  ;  th 
north-west  wind  occasions  tlic  greatest  cold,  but  the 
north  and  north-east  are  the  vehicles  of  snowf. 

It  appears  from  these  facts,  that  westerly  winds  are 
most  frequent  over  the  whole  eastern  coast  of  North 
America ;  that  in  the  southern  provinces  south-west 
winds  predominate  ;  and  that  the  north-west  become 
gradually  more  frequent  as  we  approach  the  frigid 


zone. 


In  Egj'pt,  In  Egypt,  during  part  of  May,  and  during  June,  Ju- 
ly, August,  and  September,  the  wind  blows  almost 
constantly  from  the  north,  varying  sometimes  in  June 
to  the  west,  and  in  July  to  the  west  and  the  east  ;  du- 
ring part  of  September,  and  in  October  and  November, 
the  winds  are  variable,  but  blow  more  regularly  from 
the  east  than  any  other  quarter  ;  in  December,  Janu- 
ary, and  February,  they  blow  from  the  north,  north- 
west, and  west ;  towards  the  end  of  February  they 
change  to  the  south,  in  which  quarter  they  continue  till 
near  the  end  of  March  ;  during  the  last  days  of  March 
and  in  April  they  blow  from  the  south-east,  south,  an 
south-west,  and  at  last  from  the  east ;  and  in  this  di 
rection  they  continue  during  a  part  of  May  J. 

In  tlie  Mediterranean  the  wind  blows  nearly  three- 
fourths  of  the  year  from  the  north  ;  about  the  equi- 
noxes there  is  always  an  easterly  wind  in  that  sea, 
wliich  is  generally  more  constant  in  spring  than  in  au. 


In  the  Me- 
diterranean 


*  totte,  Jour,  de  Puys.  1 791.  ^ 

\  Pennant's  Su,'pl.  to  Arctic  Zool.  p.  41.  \  Volncy's  Tiavdr,  i.  58. 
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mil*.    These  observations  do  not  apply  to  the  gut     Chap. II. 
Gibraltar,  where  there  are  seldom  any  winds  ex- 
nt  the  east  and  the  west. — At  Bastia,  in  the  island 
Corsica,  the  prevailing  wind  is  the  south-west f. 
In  Syria  the  north  wind  blows  from  the  autumnal  Asia, 
ainox  to  November  ;  during  December,  January, 
id  February,  the  winds  blow  from  the  west  and  south- 
jst ;  in  March  they  blow  from  .the  south,  in  May 
im  the  east,  and  in  June  from  the  north.    From  this 
jnth  to  the  autumnal  equinox  the  wind  changes  gra- 
.?.lly  as  the  sim  approaches  the  equator  ;  first  to  the 
'.ist,  then  to  the  south,  and  lastly  to  the  west  J. — At 
sagdad  the  most  frequent  winds  are  the  south-west  and 
orth-west-;  at  Pekin,  the  north  and  the  south  §  ;  at 
;.amtschatka,  on  the  north-east  coast  of  Asia,  the  pre- 
aailing  winds  blow  from  the  west  II . 

In  Italy  the  prevailing  winds  differ  considerably  ac-  South  of 
cxording  to  the  situation  of  the  places  where  the  obser- 
aations  have  been  made  :  At  Rome  and  Padua  they  are 
Qortherly,  at  Milan  easterly  «[[. — All  that  we  have  been 
sle  to  learn  concerning  Spain  and  Portugal  is,  that  on 
iiie  west  coast  of  these  countries  the  west  is  by  far  the 
west  common  wind,  particularly  in  summer  ;  and  that 
::  Madrid  the  wind  is  north-east  for  the  greatest  part 
: :  the  summer,  blowing  almost  constantly  from  the  Py- 

»nean  mountains  **  At  Berne  in  Switzerland  the  pre- 

lailing  winds  are  the  north  and  west ;  at  St  Gottard, 


*  Volney's  Tra-v.  i.  59.  and  65.  f  Cotte,  Jout:  de  Fhys.  1791. 

X  Volney's  Trav.  1.  326.  §  Cotte,  Ibid. 

II  Pennant's  Arctic  ZooL  p.  cxiii.  ^  Cotte,  Ibid. 
«*  Bohun's  Uht.  of  Winds,^.ii(). 

Vol.  nr.  Y 
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France, 


Gemaany, 


Britain, 


the  north-cast ;  at  Lausanne,  the  nort!i.west  and  south- 
west*. 

Father  Cotte  has  given  us  the  result  of  observatior. ; 
made  at  86  different  places  of  France*  ;  from  which  ; 
appears,  that  along' the  whole  south  coast  of  that  kinfi 
dom  the  wind  blows  most  frequently  from  the  north| 
north-west,  and  north-east ;  on  the  west  coast,  frot 
the  west,  south-west,  and  north-west  ;  and  on  thjjf] 
north  coast,  from  the  south-west.  That  in  the  interior 
parts  of  France  the  south-west  wind  blows  most  fre- 
quently in  1 8  places  ;  the  west  wind  in  14  ;  the  north 
in  13  ;  the  south  in  6  ;  the  north  east  in  4  ;  the  south- 
east in  2  ;  the  east  and  north-west  each  of  them  in  one. 
— On  the  west  coast  of  the  Netherlands,  as  far  north  as 
Rotterdam,  the  prevailing  winds  are  probably  the  south- 
"  west,  at  least  this  is  the  case  at  Dunkirk  and  Rotter- 
dam*. It  is  probable  also  that  along  the  rest  of  this 
coast,  from  the  Hague  to  Hamburgh,  the  prevailing 
winds  are  the  north-west,  at  least  these  winds  are  most 
frequent  at  the  Hague  and  at  Franeker*. — The  pre- 
vailing wind  at  Delft  is  the  south-east ;  and  at  Breda 
the  north  and  the  east*. 

In  Germany  the  east  wind  is  most  frequent  at  Got- 
tingen,  Munich,  Weissemburg,  Dusseldorf,  Saganui 
Erford,  and  at  Buda  in  Hungary  ;  the  south- east 
Prague  and  Wirtzburg  ;  the  north-east  at  Ratisboni 
and  the  west  at  Manheim  and  Berlin*. 

From  an  average  often  years  of  the  register  kept  by 
order  of  the  Royal  Society,  it  appears  that  at  London 
the  winds  blow  in  the  following  order  : 


*  Cottc,  Jour,  de  Th^s.  1791. 
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J_/Ai  S. 

WINDS. 

'  1  t"  1 »    Tir/ao  f" 

ji'th-east 

•    •    •    *  Co 

.  ...  26 

.irth-west  . 

....  50 

....  18 

....  16 

Chap.  ir. 


appears,  from  the  same  register,  that  the  south- 
t  wind  blows  at  an  average  more  frequently  than 
-  other  wind  during  every  month  of  the  year,  and 
c  it  blows  longest  in  July  and  August ;  that  the 
ch-east  blows  niostconstantly  during  January,  March, 
ril,  May,  and  June,  and  most  seldom  during  Feb- 
ary,  July,  September,  and  December  ;  and  that  the 
rth-west  wind  blows  oftener  from  November  to 
iaich,  and  more  seldom  during  September  and  Octo- 
rr  than  any  other  months.    The  south-west  winds 
also  most  frequent  at  Bristol,  and  next  to  them  are 
north-east*. 

'The  following  Table  of  the  winds  at  Lancaster  has 
een  drawn  up  from  a  register  kept  for  seven  years  at 
lit  place  f. 


iiNDS.  Days. 

rath- west  92 

orth-east  67 

uath  51 

*est  41 


Days. 
•  •  35 


Winds. 
South-east  .  . 

North  30 

North-west   26 

East   .  17 


IThe  following  Tabie  is  an  abstract  of  nine  years 
ieervations  made  at  Dumfries  by  Mr  Copland t.. 


*  Ftil.  Truns.  IxvL  a, 
t  Munch.  Trans,  iv.  334. 

Y  a 
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Winds. 

Days, 

WlNDS. 

Dav  . 

.   .  .  82| 

...  69 

0  -  I 

...  68 

.  .  .  18^ 

South-west  .  . 

...  504- 

North-east    .  . 

•  •  •  Ml 

The  following  Table  is  an  abstract  of  seven  yca-3 
observations  made  by  Dr  Meek  at  Cambuslaiig  near 
Glasgow  *  : 


Winds.  Days. 

South-west  174 

North-west  140 

It  appears,  from  the  register  from  which  this  table 
was  extracted,  that  the  north-east  wind  blows  much 
more  frequently  in  April,  May,  and  June,  and  the 
south-west  in  July,  August,  and  September,  than  at 
any  otber  period.  The  south-west  is  by  far  the  most 
frequent  wind  all  over  Scotland,  especially  on  the  west 
coast.  At  Saltcoats  in  Airshire,  for  instaf^ce,  it  blows 
three-fourths  of  the  year  ;  and  along  the  whole  coast 
of  Murray,  on  the  north-east  side  of  Scotland,  it  blows 
for  two-thirds  of  the  year.  East  winds  are  commo? 
over  all  Great  Britain  during  April  and  May  ;  but  thei^ 
influence  is  felt  most  severely  on  the  eastern  coast. 

The  following  Table  exhibits  a  view  of  the  number 
of  days  during  which  the  westerly  and  easterly  winds 
blow  in  a  year  at  different  parts  of  the  island.  Under 
the  term  westerly  are  included  the  north-west,  wes' 
south-west,  and  south  ;  the  term  easterly  is  taken  : 
the  same  latitude. 


Winds.  Days. 

North-east  104 

South-east    4'» 


*  Stuiist'ical  Accour.i  i.f  SnlUnd,  v,  S^lf. 
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cars  of 
'  bsc'rv. 


lO 

7 
9 

10 


7 

8 


Places. 


London  -  -  - 
Lancaster  -  -  - 
Liverpool  *  -  - 
Dumfries 

Branxholm,  54  miles  south- 
west of  Berwick  f 
Cambiislang 

Hawkhill,  near  Edinburgh  | 


WlMD. 

Westerly.  Easterly. 


-33 
316 

170 

227.5 

232 
2r4 
229.5 


132 
149 

175 
I37-J 


'33 
135-5 


Mean    |  217.4  '  144.7 


Chap.  ir. 


Tn  Ireland  the  south-west  and  west  are  the  grand  Ireland, 
ade-'winds,  blowing  most  in  summer,  autumn,  and 
iinter,  and  least  in  spring.  The  north-east  blows  most 
.  spring,  and  neai'lj  double  to  what  it  does  in  autumn 
lad  winter.  The  south-east  and  north-west  are  nearly 
^ual,  and  are  most  frequent  after  the  south-west  and 
test§. 

At  Copenhagen  the  prevailing  winds  are  the  east  North  of 
lad  south-east ;  at  Stockholm,  the  west  aind  north  *ff> 
11  Russia,  from  an  average  of  a  register  of  16  years, 
iie  winds  blow  from  November  to  April  in  the  folIoW- 
cg  order : 

W.  N.W.  E.    S.W.    S.    N.E.  N. 

ii)ays     45      26      23      22      20      i'9  14 

md  during  the  other  six  months, 

W.  N.W.  E.    S.W.    S.    N.E.  N. 

'.^ays      27      27      19      24      22      15  32 


S.E. 

1 2 


S.E. 

18 


*  Manchester  Trans,  iv.  f  EJin.  Trans,  i.  303. 

§  Rutty 's  Hist,  of  the  Weather,  &.C,  in  Dublin, 
\  Cottc,  Jour.dc  Phys.  1791. 

Y3 


t  Ibid. 
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The  west  wind  blows  during  the  whole  year  72  daysj^ 
the  north-west  53  ;  the  south-west  and  north  46  day^ 
each.    During  suminer  it  is  calm  for  41  days,  and  duJj 
ring  winter  for  21  *.    In  Norway  the  most  frequenQ 
winds  are  the  south,  the  south-west,  and  south-castJ 
The  wind  at  Bergen  is  seldom  directly  west,  but  geneJ 
rally  south-west  or  south-east ;  a  north-west,  and  esJ 
pecially  a  north-east  wind,  are  but  little  known  thcrefJ 
From  the  whole  of  ^these  facts,  it  appears  that  tha 
most  frequent  winds  on  the  south  coasts  of  Europe  ara 
the  north,  the  north-east,  and  north-west  j  and  on  thw 
western  coast,  the  south-west :  that  in  the  interior  parti 
which  lie  most  contiguous  to  the  Atlantic  Ocean,  soutt 
west  winds  are  also  most  frequent ;  but  that  easterli 
winds  prevail  in  Germany.    Westerly  winds  are  alM 
most  frequent  on  the  north-east  coast  of  Asia. 

It  is  probable  that  the  winds  are  more  constant  n 
the  south  temperate  zone,  which  is  in  a  great  measuw 
covered  with  water,  than  in  the  north  temperate  zona 
where  their  direction  must  be  frequently  interruptej 
and  altered  by  mountains  and  other  causes.  i 
M.  de  la  Bailie,  who  was  sent  thither  by  the  Frena 
k?hg  to  make  astronomical  observations,  informs 
that  at  the  Cape  of  Good  Hope  the  main  winds  arc  ^ 
south-east  and  north-west ;  that  other  winds  seldcS 
last  lonsfer  than  a  few  hours ;  and  that  the  east  ad 
north-east  winds  blow  very  seldom.    The  south-eaM 
wind  blovjs  in  most  months  of  the  year,  but  chie^ 
from  October  to  April ;  the  north-west  prevails  duril 
the  other  six  months,  bringing  along  with  it  rain,  an 


^    *  Guthrie  on  the  Climate  of  RussJa,  Edia.  Trans,  ii. 
f  Pontoppidan's  Nat.  Hist,  of  Norivay,  part  i. 
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mpests,  a  id  hurricanes.    Between  the  Cape  of  Good  ^^^^"P-"'. 
ope  and  New  Holland  the  winds  are  commonly  wes- 
cerly,  and  blow  in  the  following  order :  north-west, 
outh-west,  west,  north*. 

In  the  great  South  Sea,  from  latitude  30°  to  40° 
outh,  the  south-east  trade-wind  blows  most  frequently, 
specially  when  the  sun  approaches  the  tropic  of  Ca- 
aricorn  ;  the  wind  next  to  it  in  frequency  is  the  north- 
vest,  and  next  to  that  is  the  south-west.  From  south 
;atitude  40°  to  50°  the  prevailing  wind  is  the  north- 
west, and  next  the  south-west.  From  50°  to  60°,  the 
ost  frequent  wind  is  also  the  north-v/est,  and  next  to 
tt  is  the  west  f. 

Thus  it  appears  that  the  trade- winds  sometimes  ex- 
tend farther  into  the  south  temperate  zone  than  their 
isual  limits,  particularly  during  summer  ;  that  bej-ond 
their  influence  the  winds  are  commonly  westerly,  and 
:hat  they  blow  in  the  following  order:  north-west, 
south-west,  west. 

Such  is  the  present  state  of  the  history  of  the  direction 
of  the  winds.  In  the  torrid  zone  they  blow  constantly 
from  the  north-east  on  the  north  side  of  the  equator, 
and  from  the  south-east  on  the  south  side  of  it.  In  the 
north  temperate  zone  they  blow  most  frequently  from 
the  south-west ;  in  the  south  temperate  zone  from  the 
north-west,  changing,  however,  frequently  to  all  points 
of  the  compass  ;  and  in  the  north  temperate  zone  blow- 
iing  particularly  during  spring  from  the  north-east. 

As  to  the  velocity  of  the  wind,  its  variations  are  al-  Velocity  of 
iinOGt  infinite  ;  from  the  gentlest  breeze  to  the  hurri-  '^'^'^ 


•  Meteorological  Tables  at  the  end  of  Philip's  and  White's  Voyages. 
■{■  Walcb's  Mtteor.  7'ubles. 
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u^^LLj  ^^"^  which  tears  up  trees  and  blows  down  houses.  I 
has  been  remarked,  that  our  most  violent  winds  take 
place  when  neither  the  heat  nor  the  cold  is  greatest ; 
that  violent  winds  generally  extend  over  a  great  tract 
of  country;  and  that  they  are  accompanied  with  sud. 
den  and  great  falls  in  the  mercury  of  the  barometc: 
The  wind  is  sometimes  very  violent  at  a  distance  fro 
the  earth,  while  it  is  qnite.  calm  at  its  surface.    On  Oi 
occasion  Lunardi  went  at  the  rate  of  70  miles  an  hour 
his  balloon,  though  it  was  quite  calm  at  Edinbur^ 
when  he  ascended,  and  continued  so  during  his  whole 
voyage.    Let  us  now  consider  the  cause  of  these  nu- 
merous currents  in  the  atmosphere, 
Expiana-         It  cannot  be  doubted  that  the  surface  of  the  earth  u 
cause  of  the  torrid  zone  is  much  more  heated  by  the  rays  ■ 

winds.  ^™  than  under  the  frozen  or  temperate  zones,  b 

cause  the  rays  fall  upon  it  much  more  perpendicular] 
This  heat  is  communicated  to  the  air  near  the  surfai 
of  the  torrid  zone,  which  being  thereby  rarefied,  . 
scends;  and  its  place  is  supplied  by  colder  air,  whi. 
ruslies  in  from  the  north  and  south. 

Now  the  diurnal  motion  of  the  earth  is  greatest 
the  equator,  and  diminishes  gradually  as  we  approa^ 
the  poles,  where  it  ceases  altogether.    Every  spot  c 
the  earth's  surface  at  the  equator  moves  at  the  rate  < 
15  geographical  miles  in  a  minute  ;  at  the  40^  of  lat 
tude,  it  moves  at  about  iii  miles  in  a  minute ;  and 
the  30"^,  at  nearly  13  miles.    The  atmosphere,  by  mo- 
ving continually  round  along  v.'ith  the  earth,  has  acqir 
red  the  same  degree  of  motion  ;  so  that  those  parts  ( 
it  which  are  above  the  equator  move  faster  than  tho^ 
which  are  at  a  distance.    Were  a  portion  of  the  atror 
sphere  to  be  transported  in  an  instant  from  latitude  3c 
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the  equator,  it  would  Kot  immediately  acquire  the  Chap, 
ocitj  of  tlie  equator  ;  the  eminences  of  the  earth 
jrefore  would  strike  against  it,  and  it  would  assume 
-0  appearance  of  an  east  wind.    This  is  the  case  in  a 
.aller  degree  with  the  air  that  flows  towards  the  equa- 
to  supply  the  place  of  the  rarefied  air,  which  is  con- 
■.lally  ascead,ing ;  and  this,  when  combined  with  its 
;1  motion  from  the  north  and  south,  must  cause  it  to 
.ame  the  appearance  of  a  north-easterly  wind  on  this 
Jc  the  equator,  and  of  a  south-easterly  beyond  it. 
The  motion  westwards  occasioned  by  this  difference 
.  celerity  alone  would  not  be  great ;  but  it  is  farther 
.reased  by  another  circumstance.    Since  the  rarefac- 
ni  of  the  air  in  the  torrid  zone  is  owing  to  the  heat 
rived  from  the  contiguous  earth,  and  since  this  heat  is 
..  Ing  to  the  perpendicular  rays  of  the  sun,  those  parts 
uust  be  hottest  where  the  sun  is  actually  vertical,  and 
oonsequently  the  air  ever  them  must  be  most  rarefied  ; 
lie  contiguous  parts  of  the  atmosphere  will  therefore 
ee  drawn  most  forcibly  to  that  particular  spot.  Now 
iince  the  diurnal  motion  of  the  sun  is  from  east  to  west, 
Llis  hottest  spot  will  be  continually  shifting  westwards, 
nd  this  will  occasion  a  current  of  the  atmosphere  in 
uat  direction.  That  this  cause- really  operates,  appears 
fom  a  circumstance  already  mentioned ;  when  the  sun 
ppproachcs  either  of  tlie  tropics,  the  trade-wind  on  the 
ttme  side  of  the  equator  assumes  a  more  easterly  di~ 
tection,  evidenth'  from  the  cause  h^^re  mentioned;  while 
ihe  opposite  trade-wind,  being  deprived  of  this  addi- 
tonal  impulse,  blows^  in  a  direction  more  perpendicular 
)3  the  equator. 

The  westerly  direction  of  the  trade- v/inds  is  still  far- 
ner  increased  by  another  cause.    Since  the  attraction 
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of  the  sun  and  moon  produces  so  remarkable  an  cffcci 
upon  the  ocean,  we  cannot  but  suppose  that  an  eftict 
equally  great  at  least  is  produced  upon  the  atmosphere. 
Indeed  as  the  atmosphere  is  nearer  the  moon  than  ti  c 
sea  is,  the  efFect  produced  by  attraction  upon  it  ought 
to  be  greater.  When  we  add  to  tliis  the  elasticity 
the  air,  or  that  disposition  which  it  has  to  dilate  its 
when  freed  from  any  of  its  pressure,  we  cannot  b 
conclude  that  the  tides  in  the  atmosphere  are  conslde 
able. '  Now  since  the  apparent  diurnal  motion  of  t' 
moon  is  from  east  to  west,  the  tides  must  follow  it 
the  same  manner,  and  consequently  produce  a  const 
motion  in  the  atmosphere  from  east  to  west. 

All  these  different  causes  probably  combine  in  t 
production  of  the  trade- winds  ;  and  from  their  be' 
sometimes  united,  and  sometimes  distinct  or  opposi 
arise  all  those  little  irregularities  which  take  place 
the  direction  and  force  of  the  trade- winds. 

Since  the  great  cause  of  these  winds  is  the  rarefacti 
of  the  atmosphere  by  the  heat  of  the  sun,  its  asccnsio" 
and  the  consequertt  rushing  in  of  colder  air  from  t" 
north  and  south,  the  internal  boundary  of  the  trad 
winds  must  be  that  parallel  of  the  torrid  zone  which 
hottest,  because  there  the  ascension  of  the  rarefied 
must  take  place.    Now  since  the  sun  does  not  rema' 
stationary,  but  is  constantly  shifting  from  one  tropic  ' 
the  other,  we  ought  naturally  to  expect  that  this  bounr 
dary  would  vary  together  with  its  exciting  cause  rh 
therefore  when  the  sun  is  perpendicular  to  the  tropic 
Cancer,  the  north-east  trade-winds  would  extend  n 
farther  south  than  north  latitude  23.5°  j  that  the  sout' 
east  v/ind  would  extend  as  far  north ;  and  that  whe 
the  sun  was  in  the  tropic  of  Capricorn,  the  very  coa| 
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ry  would  take  place.    We  have  seen,  however,  that  Ch^P- 
lOugh  this  boundary  be  subject  to  considerable  changes 
com  this  very  cause,  it  may  in  general  be  considered 
iS  fixed  betvi'een  the  second  and  fifth  degrees  of  north 
ttitude. 

Though  the  sun  be  perpendicular  to  each  of  the 
fopics  during  part  of  the  year,  he  is  for  one  half  of  it 

a  considerable  distance;  so  that  the  heat  vi^hich  they 
require  while  he  is  present  is  more  than  lost  during  his 
bbsence.  But  the  sun  is  perpendicular  to  the  equator 
twice  in  a  year,  and  never  farther  distant  from  it  than 
53'-°  :  being  therefore  twice  every  year  as  much  heated, 
md  never  so  much  eooled  as  the  tropics,  its  mean  heat 
nust  be  greater,  and  the  atmosphere  in  consequence 
fenerally  most  rarefied  at  that  place.  Why  then,  it  will 
te  asked,  is  not  the  equator  the  boundary  of  the  two 
rrade-winds  ?  To  speak  more  accurately  than  we  have 
iiitherto  done,  the  internal  limit  of  these  winds  must  be 
lhat  parallel  where  the  mean  heat  of  the  earth  is  greatest. 
This  would  be  the  equator,  were  it  not  for  a  reason 
which  shall  now  be  explained. 

It  has  been  shewn  by  astronomers,  that  the  orbit  of 
"he  earth  is  an  ellipsis,  and  that  the  sun  is  placed  in  one 
cof  the  foci.  VVere  this  orbit  to  be  divided  into  two 
oarts  by  a  straight  line  perpendicular  to  the  transverse 
axis,  and  passing  through  the  centre  of  the  gun,  one  of 
these  parts  would  be  less  than  the  other-,  ;ind  the  earth, 
sduring  its  passage  through  this  smaller  part  of  its  orbit, 
would  constantly  be  nearer  the  sun  than  while  it  moved 
tthrcugh  the  other  portion.  The  celerity  of  the  cartii's 
rmotion  in  any  part  of  its  orbit  is  al-w  -lys  proportioned 
tto  its  distance  from  the  sun  ;  (V  nearer  it-  is  to 
tthe  sun,  it  moves  tlie  faster ;  tiie  iaJ  tiicr  distant, 
Ith'e  slov/er.    The  earth  passes  over  the  smaller  portion 
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of  Its  orbit  during  our  winter;  which  must  therefore 
be  shorter  than  our  summer,  both  on  account  of  this 
part  of  tlie  orbit  being  smaller  than  the  otlicr,  and  cn 
account  of  the  iiJcreased  celerity  of  the  earth's  motion. 
The  difference,  according  to  Cassini,  is  7  days,  23 
hours,  and  53  minutes.  While  it  is  winter  in  the 
northern  it  is  summer  in  the  southern  hemisphere  j 
wherefore  the  summer  in  the  southern  hemisphere- 
must  be  just  as  much  shorter  than  the  winter  as  out 
winter  is  shorter  than  our  summer.  The  difference 
therefore  between  the  length  of  the  summer  in  the  two 
hemispheres  is  almost  16  days.  Tlie  summer  in  the 
northern  hemisphere  consists  of  1904-  days,  while  in 
the  southern  it  consists  only  of  1744-.  They  are  to  one 
another  nearly  in  the  proportion  of  14  to  12.8;  and  the 
heat  of  the  two  hemispheres  may  probably  have  nearly 
the  same  proportion  to  one  another.  The  internal  limit 
of  the  trade-winds  ought  to  be  that  parallel  where  the 
mean  heat  of  the  globe  is  greatest :  this  would  be  the 
equator,  if  both  hemispheres  were  equally  hot  but 
since  the  northern  hem.isphere  is  the  hottest,  that  pa- 
rallel ought  to  be  situated  somewhere  in  it ;  and  since 
the  difference  between  the  heat  of  two  hemispheres  is 
not  great,  the  parallel  ought  not  to  be  far  distant  from 
the  equator  *. 


*  This  parallel  could  be  determined  by  calculation,  provided  the  mcaa 
heat  of  both  the  segments  into  which  it  divides  the  globe  were  kno<vii. 
Let  the  radius  of  this  globe  be  —  i,  the  circumference  of  a  great  circle  —6, 
and  consequently  the  arc  of  a  great  circle  —  3,  and  the  solid  contents  of 
a  hemisphe  re  =z  %.  Since  the  internal  limit  of  the  trade-winds  is  not  far 
distant  from  the  equator,  we  may  consider  that  portion  of  the  sphere  iih^- 
terccpted  between  it  and  the  equator  as  a  cylinder,  ths  base  of  v^hich  M 
the  cquator,  and  its  height  the  arc  intercepted  between  the  equator  and 
the  internal  limit  of  the  trade-winds.   Let  this  arc  be  x,  and  consequently 
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The  trade-wind  would  blow  regularly  round  the  whole  Chap.  il. 
irlobe  if  tbe  torrid  zone  were  all  covered  with  water,  cause  of 
f  the  Indian  Ocean  were  not  bounded  by  land  on  the  30^^^°°' 
iiorth,  it  would  blow  there  in  the  same  manner  as  it 
iocs  in  the  Atlantic  and  Pacific  Oceans.  The  rays  of 
/g4t  pass  through  a  transparent  body  without  comrau- 
iicating  any,  or  at  least  but  a  small  degree  of  heat.  If 
\  piece  of  wood  be  inclosed  in  a  glass  vessel,  and  the 
opens  of  a  burning  glass  directed  upon  it,  the  wood  will 
we  burnt  to  ashes,  while  the  glass  through  which  all  the 
rays  passed  is  not  even  heated.  When  an  opaque  body 
s  exposed  to  the  sun's  rays,  it  is  heated  in  proportion 
o  its  opacity.  If  the  bulb  of  a  thermometer  be  exposed 
o  the  sun,  the  quicksilver  will  not  rise  so  high  as  it 
jvould  do  If  this  bulb  were  painted  black.  Land  is  much 
unore  opaque  than  water;  it  becomes  therefore  much 
warmer  when  both  are  equally  exposed  to  the  influence 


he  cylinder  itself  n  3  x,  equal  to  the  excess  of  the  southern  segment 
Lpto  which  this  internal  limit  divides  the  globe  above  the  northern.  Let 
bbe  heat  of  the  northern  segment  be  r=  «,  and  that  of  the  soutliern  —  .r. 
The  southern  segment  is  r=  z  -j-  3  x,  the  northern  —2  —  3  ,v.  Now 
;t  us  suppose  that  the  bulk  of  each  segment  is  reciprocally  as  its  heat, 
',nd  we  shall  have  this  formula,  2  -\-  3  x  :  2  —  ^  x  :  :  n  :  s.  Wherefore 

Now  if  we  suppose  n  and  s  n.S, 


3  "-1-3^  3'»-4-3' 

2A 

!  J  ~  -g^*    To  reduce  this  value  of  x  to  degrees  we  must  multiply  it  by 

to,  since  a  great  circle  was  made  6  :  it  gives  1°  48'  27"  as  the  inter- 
aal  limit  of  the  trade-wind.  This  is  too  small  by  2°  11'  33".  But  the 
/alue  which  we  have  found  is  only  that  of  the  sine  of  the  arc  intercepted 
oetween  the  equator  and  the  internal  limit ;  the  arc  itself  would  be 
omewhat  greater ;  besides,  the  proportion  between  tlie  heat  of  the  two 
.'Cgments  is  an  assumed  qiiantity,  and  may  probably  be  greater  than  their 
ijffcr,rnce  in  Tjulk  :  and  one  rcasoii  for  this  may  be  the  great  proportion 
f  land  in  the  northern  compaivd  with  the  southern  segment.    See  the 

y^Qiirn.il  di  Physique,  Mui  l'')!. 
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^ookl.    of  the  sun.    For  this  reason,  when  the  sun  approacheji 


countries,  become  much  hotter  than  the  ocean  whlc 
washes  their  southern  coasts.    The  air  over  them  be 
comes  rarefied  and  ascends,  while  colder  air  rushes  1 
from  the  Indian  Ocean  to  supply  its  place.    As  thi 
current  of  air  moves  from  the  equator  northward,  it 
must,  for  a  reason  already  explained,  assume  the  ap- 
pearance of  a  south-west  windj  and  this  tendency  east 
ward  is  increased  by  the  situation  of  the  countries  to 
which  it  flows.    This  is  the  cause  of  the  south-west 
monsoon,  which  blows  during  summer  in  the  northern 
parts  of  the  Indian  Ocean.    Between  Borneo  and  the 
coast  of  Ghina  its  direction  is  almost  due  north,  because 
the  country  to  which  the  current  is  directed  lies  rather 
to  the  west  of  north ;  a  circumstance  which  counterac 
its  greater  velocity. 

In  winter,  when  the  sun  is  on  the  south  side  of  the 
equator,  these  countries  become  cool,  and  the  north-east 
trade-wind  resumes  its  course,  which,  had  it  not  been 
for  the  interference  of  these  countries,  would  have  con- 
tinued the  whole  year. 

As  the  sun  approaches  the  tropic  of  Capricorn,  it 
becomes  almost  perpendicular  to  New  Holland  :  that 
continent  is  heated  in  its  turn,  the  air  over  it  is  rarefied, 
and  colder  air  rushes  in  from  the  ^  north  and  west  t 
supply  its  place.    This  is  the  cause  of  the  north-wes 
monsoon,  which  blows  from  October  to  April  from  the 
third  to  the  tenth  degree  of  south  latitude.    Near  Su 
matra  its  direction  is  regulated  by  the  coast :  this  is  th 
case  also  between  Africa  and  Madagascar. 

The  same  cause  which  occasions  the  monsoons  gives, 
rise  to  the  winds  which  blow  on  the  west  coasts  o£- 


;  India,  China,  and  the  adjacent 
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>  ica  ami  America.    The  air  above  the  land  is  hotter     Chap.  IL  ^ 
i  rarer,  and  consequently  lighter  than  the  air  above 
■  sea  ;  the  sea  air  therefore  flows  in,  and  forces  the 
.{liter  land  atmosphere  to  ascend. 
The  same  thing  will  account  for  the  phenomena  of 
ee  sea  and  land  breezes.    During  the  day,  the  cool  And  °f  *j 
:  of  the  sea,  loaded  with  vapours,  flows  in  upon  the  jj^gezes. 


d,  and  takes  the  place  of  the  rarefied  land  air.  As 
;e  sun  declines,  the  rarefaction  of  the  land  air  is  di- 
iinishcd  :  tlius  an  equilibrium  is  restored.  As  the  sea 
not  so  much  heated  during  the  day  as  the  land, 
'."ither  is  it  so  much  cooled  during  the  night ;  because 
:  is  constantly  exposing  a  new  surface  to  the  atmos- 
mere.  A.s  the  night  approaches,  tlierefore,  the  cooler 
id  denser  air  of  the  hills  (for  where  there  are  no  hills 
cere  are  no  sea  and  land  breezes)  falls  down  upon  the 
aains,  and  pressing  upon  the  now  comparatively  lighter 
of  the  sea,  causes  the  land-breeze. 
The  rarefied  air  which  ascends  between  the  second 
ad  fifth  degrees  of  north  latitude  has  been  shewn  to 
the  principal  cause  of  the  trade-winds.  As  this  air 
ccends,  it  must  become  gradually  colder,  and  conse- 
uently  heavier  ;  it  would  therefore  descend  again  if  it 
tere  not  buoyed  up  by  the  constant  ascent  of  new  ra- 
ffled air.  It  must  therefore  spread  itself  to  the  north 
..d  south,  and  gradually  mix  in  its  passage  with  the 
vwer  air  ;  and  the  greater  part  of  it  probably  does  not 
ach  far  beyond  the  30°,  which  is  the  external  limit 
the  trade- wind.  Thus  there  is  a  constant  circula- 
aon  of  the  atmosphere  in  the  torrid  zone  ;  it  ascends 
;ar  the  equator,  diffuses  itself  toward  the  north  and 
ttuth,  descends  gradually  as  it  approaches  the  30°,  and 
turning  again  towards  the  equator,  performs  the  same 
rcuit. 
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Book  I.  If  the  attraction  of  the  moon  and  the  diurnal  motioa 
Cause  of  of  the  sun  have  any  effect  upon  the  atmosphere,  and 
wiiidr^"*^  that  they  have  some  effect  can  hardly  be  disputed,  there 
must  be  a  real  motion  of  the  air  westwards  within  ( 
limits  of  the  trade-winds.  The  consequence  of  t! 
westerly  current  is  an  easterly  current  on  its  north  aajj 
south  side,  as  has  been  demonstrated  by  D'Alembe: 
Hence  the  frequency  of  south-west  winds  over  the  Ati 
lantic  Ocean  and  the  western  parts  of  Europe. 

It  seems  probable  too  that  air  is  generated  at  the 
equator,  either  in  consequence  of  tlie  decomposition 
water  or  of  some  other  cause.    Hence  the  reason  th 
south-west  winds  are  so  frequent,  particularly  in  su 
mer,  and  that  they  extend  over  a  greater  tract  of  cou: 
try  than  most  other  winds  which  blow  in  the  tem 
rate  zones.    What  has  been  said  of  south-west  win 
holds  equally  with  regard  to  north-west  winds  in  t 
south  temperate  ione. 
And  north-      After  south- west  winds  have  blown  for  sorae  time,  a 

east  winds.  -ii  i  i      j         i  i 

great  quantity  or  air  wili  be  accumulated  at  the  poie, 

at  least  if  they  extend  over  all  the  northern  hemisphere 
and  it  appears  from  comparing  the  tables  kept  by  so 
of  our  late  navigators  ^ in  the  Northern  Pacific  Oceajj 
with  similar  tables  kept  in  this  island,  that  this  is  somi 
times  the  case  so  far  as  relates  to  the  Atlantic  and  Pa 
cific  Oceans.  When  this  accumulation  becomes  great, 
it  must,  from  the  nature  of  fluids,  and  from  the  elasti- 
city of  air,  press  with  a  considerable  and  increasing 
force  on  the  advancing  air  ;  so  that  in  time  it  becomes 
stronger  than  the  south-west  wind.  This  will  occasioa 
at  first  a  calm,  and  afterwards  a  north  wind ;  %vhich 
will  become  gradually  easterly  as  it  advances  sou 
wards,  from  its  not  assuming  immediately  the  velocil 
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the  earth.  The  mass  of  the  atmosphere  will  be  in- 
ased  in  all  those  places  over  which  this  north-east 
!id  blows:  this  is  confirmed  by  the  almost  constant 
e  of  the  barometer  during  a  north-east.  wind. 
Whatever  tends  to  increase  the  bulk  of  the  atmo- 
lere  near  the  pole,  must  tend  also  to  increase  the  fre- 
uncy  of  north-east  winds  ;  and  if  there  be  any  sea- 
L  when  this  increase  takes  place  more  particularly, 
L  season  will  be  most  liable  to  these  winds.  During 
Iter  the  northern  parts  of  Kurope  are  covered  with. 
'W,  which  is  melted  in  the  beginning  of  summer, 
■len  the  heat  of  the  sun  becomes  more  powerful, 
reat  quantities  of  vapour  are  during  that  time  raised^ 
hich  will  augment  both  the  bulk  and  weight  of  the 
mosphere ;  especially  if  part  of  this  vapour  be  con-^ 
rrted  into  air.  Hence  north-east  winds  are  most  pre- 
Itlientsduring  May  and  June*^, 

ilf  water  be  decomposed  in  the  atmosphere  and  hy-  Sonth-west 

bgen  gas  evolved,  that  gas,  from  its  small  specific  gra-  Jgngj^^y'" 

tty,  must  accumulate  near  the  poles,  and  beTnixed  with  the  decom- 
»  ,  .  position  of 

common  air  oi  the  atmosphere^  or  with  oxygen  gas,  the  atmo- 

sany  be  set  at  liberty.'    Now  may  not  the  appearance  the  p^ole*^ 

ithe  aurora  borealis  be  owing  to  the  union  of  oxygen 

cd  hydrogen  by  the  intervention  of  the  electric  fluid  ? 


'*  The  frequency  of  north-east  winds  during  these  montlis  is  thegreat- 
cdefcct-m  the  climate  of  Scotland,  and  is  felt  indeed  severely  over  all 
tat  Britain.  In  the  united  states  of  America,  these  winds  keep  pace 
Wj  the  clearing  of  the  land.  Some  time  ago,  in  Virginia,  they  did  not 
tiJl  farther  than  Williamsburgh  ;  now  they  reach  to  Richmond,  which 
ituated  considerably  farther  west,  and  arc  evpn  beginning  to  he  felt 
1  farther  within  tlie  country  (Jefferson's  State  cf  Fiijinia]  p.  ia8.) 
pght  it  not  be  possible  then  to  prewent  the  frequency  of  these  winds 
Ithis  country,  by  planting  trees  along  the  whole  east  coast  ? 
^VOL.  III.  Z 


354 


METEOROLOGY. 


Book  I.     That  it  is  an  electrical  phenomenon  at  least,  can  han'i 
be  doubted.    Artificial  electricity  is  mucli  strengthened 
during  an  aurora,  as  Mr  Volta  and  Mr  Canton  h:; 
observed  ;  and  the  magnetic  needle  moves  with  the 
same  irregularity  during  an  aurora  that  has  been 
served  in  other  electrical  phenomena,  as  we  learn  fronx 
Bergman  and  De  la  Lande.    Many  philosophers  h?.-  • 
attempted  to  demonstrate,  that  aurorae  boreales  are  be- 
yond the  garth's  atmosphere  ;  but  the  very  differen^^ 
results  of  theit  calculations  evidently  prove  that  tl; 
were  not  possessed  of  sufficient  data. 

If  this  conjecture  be  true,  part  of  the  atmosphere  nc 
the  poles  must  at  times  be  converted  into  water.  '1.. 
would  account  for  the  long  continuance  of  south-wc 
winds  at  particular  times  :  when  they  do  so,  a  deco 
position  of  the  atmosphere  is  going  on  at  the  pole, 
would  render  this  conjecture  more  probable,  if  the 
rometer  fell  always  when  a  south-west  wind  coniinn 
long. 

If  this  hypothesis  be  true,  a  south-west  wind  oug 
always  to  blow  after  aurorx  boreales ;  and  we  are  " 
formed  by  Mr  Winn  *  that  this  is  actually-  the  c 
This  he  found  never  to  fail  in  23  instances.  He  observe 
also,  that  when  the  aurora  was  bright,  the  gale  came  on 
within  24  hours,  but  did  not  last  long ;  but  if  it  was  faint 
and  dull,  the  gale  was  longer  in  beginning  and  less  vio- 
lent,  but  it  continued  longer.  This  looks  like  a  confirma- 
tion of  the  above  conjecture.  Bright  aurorae  are  proba 
nearer  than  those  which  are  dull.  Now,  if  the  au 
borealis  be  attended  with  a  decomposition  of  a  quanti 
of  air,  that  part  of  the  atmosphere  which  is  near 


*  PLil.  Tram,  for  1773. 
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ast  first  rusli  In  to  supply  the  defect,  and  the  motion  ^  Chap.ii.^ 
ill  gradually  extend  itself  to  more  distant  parts.  Just 

if  a  hole  were  bored  in  the  end  of  a  long  vessel  filled 
■th  water;  the  water  nearest  the  hole  would  flow  out 
umediately,  and  it  would  be  some  time  before  the 
Iter  at  the  other  end  of  the  vessel  began  to  move. 
ae  nearer  we  are  to  the  place  of  precipitation,  the 
oner  will  we  feel  the  south-west  wind.  It  ought 
crefore  to  begin  sooner  after  a  bright  aurora,  because 
is  nearer  than  a  dull  and  faint  one.  Precipitations 

the  atmosphere  at  a  distance  from  the  pole  cannot 
-•  so  great  as  those  which  take  place  near  it ;  because 
e  cold  will  not  be  sufficient  to  condense  so  great  a 
lantity  of  hydrogen  :   south-west  winds,  therefore, 
ight  not  to  last  so  long  after  bright  as  after  dull 
irorae.    Winds  are  more  violent  after  bright  aurorse, 
ccause  they  are  nearer  the  place  of  precipitation  ;  just 
s  the  water  near  the  hole  in  the  vessel  runs  swifter 
;an  that  which  is  at  a  considerable  distance. 

If  these  conjectures  have  any  foundation  in  nature, 
lere  are  two  sources  of  south-west  winds  ;  the  first 
IS  its  origin  in  the  trade-winds,  the  second  in  precipi- 
itions  of  the  atmosphere  near  the  pole.    When  they 
originate  from  the  first  cause,  they  will  blow  in  countries 
irther  south  for  some  time  before  they  ai-e  felt  in  those 
hich  are  farther  north;  but  the  contrary  will  take  place 
hen  they  are  owing  to  the  second  cause.    In  this  last 
..se,  too,  the  barometer  will  sink  considerably ;  and  it 
ctually  does  so  constantly  after  auronc,  as  we  are  in- 
armed by  Mr  Madison  *,  who  paid  particular  attention 
J  this  subject.  By  keeping  accurate  meteorological  tables 


*Phllad.  Trans,  ii.  143. 
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^"^^^  ^-     in  dllTerent  latitudes,  it  mijiht  easily  be  discovered 
whether  these  consequences  he  true,  and  consequently 
whf  ther  the  above  conjectures  be  well  or  ill  grounded. 
Two  sour-       There  are  also  two  sources  of  north-east  winds  ;  the 

cesofnortli-    f       •  i    •         r    •         i         i       i  i 

east  winds.  '^^^^  ^"  accumulation  or  air  at  the  pole,  the  second  a 
precipitation  of  the  atmosphere  in  the  torrid  zone.  For 
the  discovery  of  this  last  cause  we  are  indebted  to  Dr 
Franklin.  In  1740  he  was  prevented  from  observing 
an  eclipse  of  the  moon  at  Philadelphia  by  a  north-east 
storm,  which  came  on  about  seven  o'clock  in  tlie  even-  | 
ing.  He  was  surprised  to  find  afterwards  that  it  had  ^ 
not  come  on  at  Boston  till  near  eleven  o'clock  :  and 
upon  comparing  all  the  accounts  which  he  received 
from  the  several  colonies  of  the  beginning  of  this  and 
other  storms  of  the  same  kind,  he  found  it  to  be  always 
an  hour  later  the  farther  north-east,  for  every  100 
miles^ 

. "  From  hence  (says  he)  I  formed  an  idea  of  the 
course  of  the  storm,  which  I  will  explain  by  a  familiar 
instance  I  .suppose  a  long  canal  of  water  stopped  at 
the  end  by  a  gate.  The  water  is  at  rest  till  the  gate  is 
opened ;  then  it  begins  to  move  out  through  the  gate, 
and  the  water  next  the  gate  is  first  in  motion,  and  moves 
on  towards  the  gate ;  and  so  on  successively,  till  the 
water  at  the  head  of  the  canal  is  in  motion,  which  it  is 
last  of  all.  In  this  case  all  the  water  moves  indeed  to- 
wards the  gate  ;  but  the  successive  times  of  beginning 
the  motion  are  in  the  contrary  way,  viz.  from  the  gate 
back  to  the  head  of  the  canal.  Thus,  to  produce  a 
north-east  storm,  I  suppose  some  great  rarefaction  o£ 
the  air  in  or  near  the  gulf  of  Mexico ;  the  air  rising 
thence  has  its  place  supplied  by  the  next  more  northern, 
cooler,  and  therefore  denser  and  heavier  air;  a  sue- 
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;;sive  current  is  formed,  to  which  our  coast  and  inland 
juntains  give  a  north-east  direction  *." 
Currents  of  air  from  the  poles  naturally,  as  has  been 
served,  assume  a  north-east  direction  as  they  advance 
)uthwards  ;  because  their  diurnal  motion  becomes  less 
m  that  of  the  earth.    Various  circumstances,  bow- 
er, may  change  this  direction,  arid  cause  them  to  be- 
me  north,  or  even  north-west,  winds.    The  south- 
■st  \vinds  themselves  may  often  prove  sufficient  for 
lis  ;  and  violent  rains,  or  great  heat,  by  lessening  or 
aarefying  the  atmosphere  in  any  country,  will  produce 
'he  same  effect  in  countries  to  the  westwards  when 
uorth  winds  happen  to  be  blowing. 

In  North  America,  the  north-west  winds  become  gra- 
lually  more  frequent  as  we  advance  northwards.  The 
aast  coast  of  this  continent,  where  the  observations 
were  made  from  which  this  conclusion  was  drawn,  is 
Hone  cultivated  ;  the  rest  of  the  country  is  covered  with 
wood.    Now  cultivated  countries  are  well  known  to  be 
rvarmer  than  those  which  are  uncultivated  j  the  earth 
m  the  latter  is  shaded  from  the  sun,  and  never  heated 
»y  his  rays.    The  air,  therefore,  in  the  interior  parts 
tif  America,  must  be  constantly  colder  than  near  the 
jast  coast.  This  difference  will  hardly  be  perceptible  in 
the  southern  parts,  because  thcr    the  influ  nee  of  the 
tun  is  very  powerful ;  but  it  will  become  gradually 
;^eater  as  we  advance  northwards,  because  the  influence 
)t>£  the  sun  diminishes,  and  the  continent  becomes 
(woader.    Hence  north-west  winds  ought  to  become 
Bxiore  frequent  upon  the  east  coast  as  we  advance  north- 
wrards  j  and  they  will  p'robai->!y  cease  to  blow  so  often 


*  Franklin's  Philosephkal  Letters,  p.  389. 
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west  winds. 


Partial 
winds. 


as  soon  as  the  whole  continent  of  North  America  be- 
comes  cultivated. 

Such  appear  to  be  the  causes  which  produce  the  mo"~ 
general  winds  that  prevail  in  tlip  torrid  and  tempera 
zones.    The  east  and  west  winds,  when  they  are  n 
partial  and  confined  to  a  very  small  portion  of  the  a" 
mosphere,  seem  to  be  nothing  else  but  currents  of  a* 
brought  from  the  north  or  south  by  the  causes  alread 
mentioned,  and  prevented  from  proceeding  farther 
contrary  currents.  If  these  currents  have  come  fromth 
north,  they  will  assume  the  appearance  of  east  winds 
because  their  diurnal  motion  will  be  less  than  that 
the  more  southern  latitudes  over  which  they  are  fore 
to  remain  stationary.    The  southern  currents  will  b 
come  west  winds  for  a  contrary  reason.  This 
furnish  us  with  a  reason  for  the  coldness  of  east  win ' 
compared  with  west  winds.    If  this  account  be  tr 
there  ought  very  frequently  to  be  a  west  wind  in  a 
tltude  to  the  south  of  those  places  where  an  east  wi 
blows.    This  might  easily  be  determined  by  keepi 
accurate  registers  of  the  winds  in  different  latitude" 
and  as  nearly  as  possible  under  the  same  meridian  ;  a~ 
upon  the  result  of  these  observations  the  truth  or  fals 
hood  of  the  above  conjecture  must  finally  rest. 

Besides  these  more  general  winds,  there  are  others 
which  extend  only  over  a  very  small  part  of  the  earth. 
These  originate  from  many  different  causes.  The  at- 
mosphere is  composed  of  three  different  substances, 
air,  vapour,  and  carbonic  acid ;  to  which  may  be 
added  water.  Great  quantities  of  each  of  these  ingre- 
dients are  constantly  changing  their  aerial  form,  and 
combining  with  various  substances  ;  or  they  are  sepa 
rating  from  other  bodies,  assuming  the  form  of  air,  an 
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■xing  with  the  atmosphere.    Partial  voids,  therefore,  jChap.  n. 
J  partial  accumulations,  must  be  continually  taking 
ice  in  different  parts  of  the  atmosphere,  which  will 
casion  winds  varying  in  direction,  violence,  and  con- 
nuance,  according  to  the  suddenness  and  the  quantity 
air  destroyed  or  produced.    Besides  these  there  are 
my  other  ingredients  constantly  mixing  with  the  at- 
)sphere,  and  many  partial  causes  of  condensation  and 
..uefactian  in  particular  places.    To  these,  and  other 
:;.auses  probably  hitherto  unknown,  are  to  be  ascribed 
ill  those  winds  which  blow  in  any  place  besides  the 
;i;eneral  ones  already  explained  ;  and  which,  as  they 
idepend  on  causes  hitherto  at  least  reckoned  contingent, 
^viil  probably  for  ever' prevent  uniformity  and  regularity 
m  the  winds.    All  these  tauses,  however,  may,  and 
Drobably  will,  be  discovered     the  circumstances  in 
which  they  will  take  place,  and  the  effects  which  they 
wvill  produce,  may  be  known  ;  and  whenever  this  is  the 
:;ase,  the  winds  of  any  place  may  in  some  measure  be 
rreduced  to  calculation. 


SECT.  V. 

OF  ATMOSPHERICAL  ELECTRICITY. 

Air  is  one  of  those  bodies  which  have  received  the 
marrie  of  electric,  because  they  are  capable  of  being  po- 
sitively or  negatively  charged  with  electric  matter.  It 
mot  only  contains  that  portion  of  electricity  which  seems 
1  necessary  to  the  constitution  of  all  terrestrial  bodies, 
but  it  is  liable  also  to  be  charged  negatively  or  posi- 
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of  the  at- 
mosphere. 


lively  when  electricity  is  abstracted  or  introduced  by 
means  of  conducting  bodies.  These  different  states  mus 
occasion  a  variety  of  phenomena,  and  in  all  probabilit 
contribute  very  considerably  to  the  various  combin 
tions  and  decompositions  which  are  continually  goi-' 
on  in  air.  The  electrical  state  of  the  atmosphere,  the 
is  a  point  of  considerable  importance,  and  has  witfi 
great  propriety  occupied  the  attention  of  philosophers 
ever  since  Dr  Franklin  demonstrated  that  thunder  is 
occasioned  by  the  agency  of  electricity. 

1 .  The  most  complete  set  of  observations  on  the  elec- 
tricity of  the  atmosphere  were  made  by  Professor  Bec- 
caria  of  Turin.  He  found  the  air  almost  always  posi- 
tively electrical,  especially  in  the  day-time  and  in  dry 
weather.  When  dark  or  wet  weather  clears  up,  the 
electricity  is  always  negative.  Low  thick  fogs  risin 
into  dry  air  carry  up  a  great  deal  of  electric  matter, 

2.  In  the  morning,  when  the  hygrometer  indicat 
dryness  equal  to  that  of  the  preceding  day.  positive  elec 
tricity  obtains  even'before  sunrise.    As  the  sun  ge 
up,  this  electricity  increases  more  remarkably  if  th 
dryness  increases.    It  diminishes  in  the  evening. 

3.  The  mid-day  electricity  of  days  equally  dry 
proportional  to  the  heat. 

4.  Winds  always  lessen  the  electricity  of  a  clear  da 
especially  if  damp. 

5.  For  the  most  part,  when  there  is  a  clear  sky  an 
little  wind,  a  considerable  electricity  arises  after  suns 
at  dew  falling. 

6.  Considerable  light  has  been  thrown  upon  th 
sources  of  atmospherical  electricity  by  the  experimen 
of  Saussure  and  other  philosophers.    Air  is  not  onl 
electrified  by  friction  like  other  electric  bodies,  but  tlj 
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I  e  of  its  electricity  is  changed  by  various  chemical  ^Chap.  li.  ^ 
jrations  which  often  go  on  in  the  atmosphere.  Eva- 
nration  seems  in  all  cases  to  convey  electric  matter  in- 
the  atmosphere  ;  and  Saussure  has  ascertained  that 
lae  quantity  of  electricity  is  much  increased  when  wa- 
rr  is  decomposed,  as  when  water  is  dropt  on  a  red  hot 
oon.  On  the  other  hand,  when  steam  is  condensed  into 
'Vsicular  vapour,  or  into  water,  the  air  becomes  nega- 
tvely  electric.  Hence  it  would  seem  that  electricity 
Iters  as  a  component  part  into  water;  that  it  separates 
!hen  water  is  decomposed  or  expanded  into  steam,  and 
reunited  when  the  steam  is  condensed  again  .into 
aater. 

jFartheF,  Mr  Canton  has  ascertained  that  dry  air,  when 
jated,  becomes  negatively  electric,  and  positive  when 
)oled,  even  when  it  is  not  permitted  to  expand  or  con- 
act  :  and  the  expansion  and  contraction  of  air  also  oc- 
isions  changes  in  its  electric  state. 

Thus  there  are  four  sources  of  atmospheric  electrici-  Sources  of 
rr  known:  i .  Friction  ;  2.  Evaporation ;  3.  Heat  and 
))ld  ;  4.  Expansion  and  contraction:  not  to  mention 
me  electricity  evolved  by  the  melting,  freezing,  solu- 
(on,  Sec.  of  various  bodies  in  contact  of  air. 

7,  As  air  is  an  electric,  the  matter  of  electricity,  when  Consequen- 
:?cumulated  in  any  particular  strata,  will  not  immedi-  accumuL^ 
'.ely  make  its  way  to  the  neighbouring  strata,  but  will 
iduce  in  them  changes  similar  to  what  is  induced  up- 
n  plates  of  glass  or  similar  bodies  piled  upon  each 
tther.    Therefore  if  a  stratum  of  air  be  electrified  po- 
atively,  the  stratum  immediately  above  it  will  be  ne- 
•ative,  the  stratum  above  that  positive,  and  so  on. 
uppose  now  that  an  imperfect  conductor  were  to  come 
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Boole  L  into  contact  with  each  of  these  strata,  we  know  from  th« 
principles  of  electricity  that  the  equilibrium  would  be 
restored,  and  that  this  would  be  attended  with  a  lo 
noise,  and  with  a  flash  of  light.  Clouds  which  cons' 
of  vesicular  vapours  mixed  with  particles  of  air  ai-e  i 
perfect  conductors  ;  if  a  cloud  therefore  come  into  co 
tact  with  two  such  strata,  a  thunder  clap  would  follow 
If  a  positive  stratum  be  situated  near  the  earth,  the  i- 
tervention  of  a  cloud  will,  by  serving  as  a  stepping 
stone,  bring  the  stratum  within  the  striking  distance, 
and  a  thunder  clap  will  be-  heard  while  the  electrical 
fluid  is  discharging  itself  into  the  earth.  If  the  stra- 
tum be  negative,  the  contrary  effects  will  take  place. 
It  does  not  appear,  however,  that  thunder  is  often  occa- 
sioned by  a  discharge  of  electric  matter  from  the  earth 
into  the  atmosphere.  The  accidents,  most  of  them  at 
least,  which  were  formerly  ascribed  to  this  cause,  are 
now  much  more  satisfactorily  accounted  for  by  Lord 
Stanhope's  Theory  of  the  Returning  Stroke.  Neither 
does  it  appear  that  electricity  is  often  discharged  into 
the  earth,  as  the  effects  of  few  thunder-storms  are  vi 
sible  upon  the  earth  ;  that  it  is  so  sometimes,  however, 
is  certain. 

Occxsions        But  it  is  not  the  province  of  chemistry  to  examine 
combustion  detail  the  phenomena  of  thunder;  that  task  must  be  r 
signed  to  the  electrical  philosopher.  There  is  one  remark, 
however,  which  cannot  be  omitted;  it  is  this,  that,  d: 
ring  every  discharge  of  electricity,  whether  natural 
artificial,  through  air,  some  change  similar  to  combu 
tion  undoubtedly  takes  place.*  The  light  and  the  pec 
liar  smell  with  which  all  electrical  discharges  are 
companied  demonstrate  this  ;  for  no  light  is  percepti*: 
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en  electricity  is  discharged  in  a  vacuum.  What  Chap.U. 
le  change  is  which  electricity  produces  in  air,  or  how 
produces  it,  are  questions  which,  in  the  present  state 
our  knowledge,  are  altogether  insoluble.  But  the 
ry  extraordinary  Galvanic  phenomena  which  at  pre- 
it  occupy  the  attention  of  philosophers,  promise  not 
ly  to  throw  light  upon  this  important  subject,  but  to 
aionstrate  a  much  closer  connection  between  chemis- 
and  electricity  than  has  hitherto  been  suspected. 
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Book  II.  ^  JVIankind  must  have  observed,  very  earlj,  that  the 
Waters  waters,  which  exist  in  such  abundance  in  almost  every 
part  of  the  earth,  differ  considerably  from  each  other  in 
their  taste  and  transparency,  and  in  their  fitness  for  ser 
ving  as  vehicles  for  food,  and  for  the  various  purposes 
of  domestic  economy.  These  diffe  rences  are  occasioned 
by  the  foreign  bodies  which  the  aqueous  fluid  holds  in 
solution  or  suspension  ;  for  water  is  never  found  native 
in  a  state  of  complete  purity  In  some  cases  tlie  quan- 
tity of  these  foreign  matters  is  so  minute  as  to  have 
.bfit  little  influence  on  the  taste  or  the  other  properties 
of  water  ;  but  in  other  cases,  the  foreign  bodies  alter  its 
properties  altogether,  and  render  it  noxious,  or  medi- 
cinal, or  unfit  for  the  preparation  of  food.  In  the  pre- 
sent Book  I  shall  take  a  general  view  of  the  different 
springs  and  collections  of  water ;  and  give  an  account, 
of  their  properties  and  component  parts,  as  far  as  they 
have  been  hitherto  ascertained.    Now  waters  may  be 
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V  conveniently  divideii  into  three  classes  :  i.  Waters     Chap.  i. 
ich  may  be  used  for  dressing  food,  and  the  other  pur-  Divisible 
Dses  of  domestic  economy  to  which  water  is  usually  ^reecla^ 
pplied.    These,  for  Ivant  of  a  better  name,  may  be  ses. 
uUed  common  water.    %.  Sea  water.    3.  Those  waters 
hich  have  been  called  mineral^  in  consequence  of  the 
atable  quantity  of  mineral  substances  which  they  con- 
.in. — These  three  classes  of  waters  shall  form  the  sub- 
;t  of  the  three  following  Chapters. 


CHAP.  I. 

OF  COMMON  WATERS. 


rroOD  water  is  as  transparent  as  crystal,  and  entirely 
llourless.  It  has  no  smell,  and  scarcely  any  taste  ; 
fd  in  general  the  lighter  it  is,  so  much  the  better.  If 
:i  compare  the  different  waters  which  are  used  for  the 
rmmon  purposes  of  life  with  each  other,  and  judge  of 
tern  by  the  above  standard,  we  shall  find  them  to  differ 
rasiderably  from  each  other,  according  to  the  circum- 
ufices  of  their  situation.  These  waters  may  be  redu- 
rd  under  four  heads;  namely,  i.  Rain  water;  2.  Spring 
cd  river  water;  3.  Well  water  ;  4.  Lake  water, 
t.  Rain  water,  unless  when  near  a  town  or  when  col-  Ram  wa- 
::ted  at  the  commencement  of  the  rain,  possesses  the 
I  operties  of  good  water  in  perfection,  and  is  as  free 
iam  foreign  ingredients  as  any  native  water  whatever. 
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^Eook  II.  ^  The  substances  which  it  holds  in  solution  are  airy  car* 
honic  acidf  carhonat  of  lime,  and,  according  to  Bergman, 
it  yields  some  traces  of  nitric  acid,  and  a  little  muriat 
of  lime  *.     The  existence  of  air  in  water  was  first 
pointed  out  by  Boyle,    Scheele  has  shewn  that  it  is 
usually  either  in  the  state  of  oxygen,  or  at  least  c 
tains  an  excess  of  oxygen,  and  that  water  absorbs  ox 
gen  gas  in  preference  to  common  air.  The  quantity  of  air 
in  good  water  does  not  exceed  ^V^h  of  the  bulk.  One  hun* 
dred  cubic  inches  of  water  contain  generally  about  one 
cubic  inch  of  carbonic  acid  gas.  It  is  to  the  presence  of 
these  two  elastic  fluids  that  water  owes  its  taste,  and 
many  of  the  good  effects  which  it  produces  on  animals 
and  vegetables.    Hence  the  vapidness  of  newly  boiled 
Snowwa-    water  from  which  these  gases  are  expelled.    Snow  wa- 
ter, when  newly  melted,  is  also  destitute  of  all  gaseous 
bodies  f.  Hence  the  reason  that  fish  cannot  live  in  it,  as 
Carradori  has  ascertained:):.    Hasseufratz,  indeed,  has 
endeavoured  to  prove,  that  snow  water  holds  oxy- 
gen gas  in  solution  y  but  in  all  probability  the  water 
which  he  examined  had  absorbed  air  from  the  atmo- 
sphere. 

How  purl-       The  quantity  of  muriat  of  lime  contained  in  rain  w 
ter  must  be  exceedingly  miniite ;  as  Morveau  has  asce 
tained  that  rain  water  may  be  rendered  suiiiciently  pu 
for  chemical  purposes  by  dropping  into  it  a  little 
rytic  water,  and  then  exposing  it  for  some  time  to  th 
atmosphere,  and  allowing  the  precipitate  formed  to  d 
posite.    According  to  that  very  accurate  philosophe 
the  rain  water  which  drops  from  the  roofs  of  houseaf 
after  it  has  rained  for  some  time,  contains  only  a  littli 


ter, 


t  is 

X 


fied. 


*  Bergman,  i.  87. 


t  Ibid. 


i  Jour,  de  Fbyi,  xh'iii.  256, 
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alphat  of  lime,  which  it  has  dissolved  as  it  trickled  Chap., 
»ver  the  slates 

2.  The  water  of  springs  is  nothin?  else  than  rain  wa-  Spring wa- 

X      o  a  ten 

?jr,  which,  gradually  filtering  tlirough  the  earth,  col- 
:ects  at  the  bottom  of  declivities,  and  makes  its  waj  to 
liie  surface.  It  is  therefore  equally  pure  with  rain 
rsrater,  provided  it  does  not  meet  with  some  soluble 
i'odj  or  other  in  its  passage  through  the  soil.  But  as 
ihis  IS  almost  always  the  case,  we  generally  find,  even 
t\  the  purest  spring  water,  a  little  carbonat  of  lime 
md  common  salt,  besides  the  usual  proportion  of  air 
rnd  carbonic  acid  gas.  Sometimes  also  it  contains  mu- 
iat  of  lime  or  a  little  carbonat  of  soda  f .  Bergman 
,^ound  the  springs  about  Upsal,  which  are  reckoned  ex- 
eedingly  pure,  to  contain  the  following  foreign  bo- 
iies  : 

I.  Oxygen  gas,  5.  Common  salt, 

1.  Carbonic  acid,  6.  Sulphat  of  potass, 

3.  Carbonat  of  lime,       7.  Carbonat  of  soda« 

4.  Silica,  8.  Muriat  of  lime. 
The  whole  of  these  ingredients  amounted  at  an  ave- 
rage to  0.00004  pJ^rts  ;  and  the  proportion  of  each  of 
ihe  solid  bodies  was  as  follows  : 

Carbonat  of  lime    5.0       Muriat  of  lime  0.5 
Common  salt  .  .  .  3.0       Sulphat  of  potass  0.25 

Silica   0.5        Carbonat  of  so.da  0.2,5 

River  waters  may  be  considered  as  merely  a  collec-  River  wu- 
ion  of  spring  and  rain  water,  and  therefore  are  usually 
possessed  of  a  degree  of  purity  at  least  equal  to  these. 
Indeed,  when  their  motion  is  rapid  and  their  bed  sili- 
:c:eous  sand,  they  are  generally  purer  than  spring  wa- 


*  Anti,  di  Chim.  xxiv.  3SI.  f  Bergman,  i.  88, 
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^  -Book  IT.^  (•£,- .  depositing  during  their  motion  every  thing  which 
was  merely  mechanically  suspended,  and  retaining  no- 
thing more  than  the  usual  proportion  of  air  and  car- 
bonic acid  gas,  and  a  very  minute  quantity  of  carbona- 
ted lime  and  coruinon  salt.    When  their  bed  is  clayey, 
they  are  usually  opal-coloured,  in  consequence  of  the 
particles  of  clay  which  they  hold  in  suspension. 
Well  water.      3.  By  well  water  is  meant  the  water  which  is  ob- 
tained by  digging  deep  pits,  which  is  not  in  suiBcient 
quantity  to  overflow  the  mouth  of  the  well  ;  but  which 
may  be  obtained  in  abundance  by  pumping.    It  is  es- 
sentially the  same  with  spring  water,  being  ^derived 
from  the  very  same  source  ;  but  it  is  more  liable  to  bs 
impregnated  with  foreign  bodies  from  the  soil,  in  con- 
sequence of  its  stagnation  or  slow  filtration.   Hence  the 
reason  that  well  water  is  often  of  that  kind  which  is 
Hard  wa-    distinguished  by  the  name  of  hard  water,  because  it 
does  not  dissolve  soap,  and  cannot  be  used  for  dressing 
several  kinds  of  food.    These  properties  are  owing  to 
the  great  proportion  of  eSrthy  salts  which  it  holds  in 
solution.    The  most  common  of  these  salts  is  sulphat 
of  lime.    These  earthy  salts  have  the  property  of  de- 
composing common  soap  :  their  acid  unites  with  the 
alkali  of  the  soap,  while  the  earthy  basis  forms  with 
the  oil  a  soap  not  soluble  in  water,  which  envelopes 
the  soap  and  gives  it  a  greasy  feel.    These  waters  may 
be  in  general  cured  by  dropping  into  them  an  alkaline 
carbonat.    Mr  Sennebier  has  shewn  that  well  water 
usually  contains  a  greater  proportion  of  carbonic  acid 
gas  than,  spring  or  river  water. 
Water  of         4.  The  water  of  lakes  is  merely  a  collection  of  rain 
water,  spring  water,  and  river  water,  and  of  course 
contains  precisely  the  same  heterogeneous  salts  :  But  it 


ters. 


lakes. 
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seldom  so  transparent  as  river  water,  being  usually  ^  Chap.  II. 
ntaminated  with  the  remains  of  animal  and  vegetable 
>  dies  which  have  undergone  putrefaction  in  it.  For 
ilake  water  is  often  nearly  stagnant,  it  does  not  op- 
>se  the  putrefaction  of  these  bodies,  but  rather  pro- 
-jtes  it ;  whereas  in  yiver  water,  which  is  constantly 
imotion,  no  putrefaction  takes  place.  Hence  the  rea- 
in  of  the  slimy  appearance  and  the  brownish  colour 

iich  often  distinguishes  lake  water. 
.Marsh  water  contains  a  still  greater  proportion  df 
iimal  and  vegetable  remains  than  lake  water,  because 
lis  altogether  stagnant.  Moss  water  is  strongly  im- 
.  Bgnated  with  those  vegetable  bodies  which  constitute 
?)sses,  and  usually  also  contains  iron. 


CHAP.  II. 

OF  SEA  WATER. 


I  HE  Ocean  is  the  great  reservoir  of  water  into 
i;iich  the  lakes  and  rivers  empty  themselves,  and  from 
liich  is  again  drawn  by  evaporation  that  moisture 
iiich,  falling  in  showers  of  rain,  fertilizes  the  earth, 
ii  supplies  the  waste  of  the  springs  and  rivers.  This 
instant  circulation  would  naturally  dispose  one  to  be- 
we,  a  priori^  that  the  Waters  of  the  ocean  do  not  dif- 
r  much  from  the  waters  of  rivers  and  lakes  :  but  no- 
ang  would  be  more  erroneous  than  such  a  conclusion  ; 
rV'oL.  III.  A  a 
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^  ^  for  the  sea  water,  as  every  one  knows,  difFcrs  mate- 

rially from  common  water  in  its  tastt,  specific  gravity, 
and  other  properties.    It  contains  a  much  greater  pro- 
portion of  saline  matter,  particularly  of  common  salt, 
which  is  usually  extracted  from  it.    Indeed,  if  the  i' 
were  not  impregnated  with  these  saline  bodies,  the  put!  ■ 
faction  of  the  immense  mass  of  animal  and  vegetal 
matter  which  it  contains  would  in  a  short  time  pre 
fatal  to  the  whole  inhabitants  of  the  earth. 

Quantity  of  yj^g  absolute  quantity  of  sea  water  cannot  be  asc:.- 
sea  water.        .  . 

tained,  as  its  mean  depth  is  imknown.   Mr  De  la  Pia 

has  demonstrated,  that  a  depth  of  four  leagues  is 

-  cessary  to  reconcile  the  height  to  which  the  tides  a 

known  to  rise  in  the  main  ocean  with  the  Newtoni 

theory  of  the  tides*.    If  we  suppose  this  to  be 

mean  depth,  the  quantity  of  water  in  the  ocean  mu 

'  be  immense.    Even  on  the  supposition  that  its  me 

depth  is  not  greater  than  the  fourth  part  of  a  mile,  it 

solid  contents  (allowing  its  surface  to  be  three- fourths 

of  that  of  the  superficies  of  the  earth)  would  be 

32,058,939!  cubic  miles. 

Itsproper-        ggg,  water  has  a  very  disagreeable  bitter  taste,  at 

least  when  taken  from  the  surface  or  near  the  shore; 

but  when  brought  up  from  great  depths,  its  taste  is 

only  saline  f.    Hence  we  learn  that  this  bitterness  is 

owing  to  the  animal  and  vegetable  bodies  with  wh;. 

it  is  mixed  near  the  surface     Its  specific  gravity  \ 

ries  from  1.0269  to  1.0285  J.   It  does  no  freeze  M 

cooled  down  to  zero  of  Fahrenheit's  scale.  f 


»  Mem.  Par.  I776.'p.  313.  t  Bergman,  i.  180, 

^  Bladh,  Kirwan's  Geological  Essmys,  p.  355. 


WATER. 


L  has  been  ascertained  by  the  experiments  of  difFe-    Chap.  II. 
chemists  *,  and  especially  by  those  of  Bergman,  Saline  con- 
lat  sea  water  consists  of  water  holding  in  solution  mu- , 
It  of  soda,  muriat  of  magnesia,  and  sulphat  of  lime  ; 
sides  the  animal  and  vegetable  bodies  with  which  it 
loccasionally  contaminated.    The  average  quantity  of 
line  ingredients  is  ~.    Bergman-  found  water  taken 
.  from  the  depth  of  60  fathoms,  near  the  Canaries,  by 
■  Sparrman,  to  contain         Lord  Mulgrave  found 
;  water  at  the  back  of  Yarmouth  sands  to  contain 
jDUt  -jJj-  part.    From  the  analysis  of  i^ergman,  it  ap- 
lars  that  the  relative  proportions  of  these  saline  con- 
iits  are  as  foUows  : 

30.911  common  salt 
6.222  muriat  of  magnesia 
1. 000  sulphat  of  lime 
eerefore,  according  to  this  analysis,  ico  parts  of  sea  Composl- 
tter  are  composed  of  96.00  water 

3.25  common  salt 
0.64  muriat  of  soda 
0.1 1  sulphat  of  lime 


100.00 


^\.s  far  as  experiment  has  gone,  the  proportion  of  indifferent 
;jie  contents  does  not  differ  much,  whatever  be  the  P^^'^"- 
ttude  in  which  the  water  of  the  ocean  is  examined. - 
Td  Mulgrave,  in  north  latitude  80°,  and  60  fathoms 
der  ice,  found  the  saline  contents  of  sea  water  0.0354 ; 
aatitude  74°,  he  found  them  0.036  j  in  latitude  60°, 
;g4.    Pages  found  sea  water  taken  up  in  north  lati- 
ee  45°  and  39°  to  contain  0.04  of  saline  contents  j 


Ilonnct,  Lavoisier,  Baume,  &c.  have  published  analyses  of  sea  water. 
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Book  11.  Beaume  obtained  by  analysis,  from  water  taken  u 

by  Pages  in  north  latitude  34  and  14"  exactly  the 
proportions  of  saline  matter.    In  Sfuthern  latitude^ 
Pages  found  the  following  proportions  of  •  saline  mat 
ters  : 

Latitude.                            Saline  Matter. 
49°  50'  0.0416 

46    o  0.045 

40    30  C.04 

25  54  0-04 

20    o  ^■'^39 

1 ,  16  c*°35 

From  the  experiments  made  by  Bladh  on  the  specifi 
gravity  of  sea  water  in  different  latitudes,  it  appears  thai 
the  water  contains  more  salt  at  the  tropics  than  toward$ 
the  equator. 

If  we  were  acquainted  with  the  proportion  betweei 

the  saline  contents  of  sea  water  and  its  specific  gravit 

it  would  be  easy  in  all  cases  to  ascertain  the  quantity  o] 

saline  matter,  merely  by  taking  the  specific  gravity  o: 

the  water  we  wish  to  examine.    This  would  require 

Specific       set:  of  experiments  on  purpose  ;  dissolving  in  pure  w 

gravity  of  j-^j.  (lifferent  quantities  of  the  salts  contained  in  sea  wa-i 
water  hold-  ^  _  , 

ingdiffe-      ter  in  the  proportions  which  they  bear  to  each  othei^ 

ponions'of    and  ascertaining  the  specific  gravity  of  every  such  solu, 

saltinsolu-  -^^^^  jjj,  Watson  has  given  us  a  Table  for  ascertain* 
tion.  "  _  ^ 

ing  that  point,  as  far  as  common  salt  is  concerned  ;  an^ 

as  the  salt  which  he  used  was  not  perfectly  pu,re,  bujg 

contained  a  mixture  of  the  different  salts  usually  foundb 

in  the  sea,  we  may  consider  it  as  very  nearly  determining 

the  proportion  of  saline  contents  in  sea  water  as  far 

it  goes.    This  Table  therefore  I  shall  here  insert  *. 


■r 


*  Watson's  Chemical  Essays,  v,  91,  ,  j 
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Proport. 
of  Salt. 

i  Specific 
i  Gravity. 

Proport 
of  Salt. 

Specific 
Gravity. 

I'roport 
01  alt. 

Specific 
Gravity. 

0 

3  .OOO 

1.032 

I  007 

I,200 

i.oiy 

1. 000 

1 .160 

I 

T 

1'.027 

1 

TT 

1 .005 

T 

I.I  2  I 

I 

1.025 

I 

">-4  .-' 

1 .004 

X 

1. 107 

X 

To 

1.024 

To" 

1.003 

I 

T 

1.096 

1.023 

X-5-ir 

1.0029 

I 

"g" 

1.007 

t 

To" 

'1.020 

1.0023 

I 

y" 

1.074 

I 

TIT 

1 .019 

I-OOIO 

I 

To" 

1.059 

I 

1.015 

I.COI7 

I 

TT 

1.050 

I 

1. 014 

t 

i*"ooi4 

1 

TT 

1.048 

I 

TT 

1.013 

i;tt 

1.0008 

I 

1"T 

I.C45 

I 

•  1. 012 

t 

■«  0  u  4 

1.0006 

I 

1.040 

1 

1.009 

This  Table  was  calculated  at  a  temperature  between 
(6°  and  55°  i  but  Mr  Kirwan  has  reduceti-  part  of  it 
;o  the  temperature  of  62°,  in  order  to  compare  it  with 
he  specific  gravities  of  sea  water  taken  at  that  tempe- 
Dature,  or  at  least  reduced  to  it.  The  specific  gravi- 
ies,  thus  altered  by  Kirwan,  are  as  follows : 

Proportion  of  Salt.  Specific  Gravity  at  62°. 

•  •  •  •  1.0283 

•  •   •   •  1.0275 

tV  1.0270 

 1.0267 

TT •  •  1-0250 
To  •   •  1-0233 

tV  •  •  •  ^•°i85 

  i-o°33 

tV    •  •   1. 0105 

■i4t  •  •  •  •   i-°°4 
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This  Table  will  enable  us  to  ascertain  the  saline  con- 
tents of  sea  water  in  different  parts  of  the  Atlantic  ar 
Indian  Oceans,  from  the  following  Table  of  the  spe  * 
fic  gravity  of  sea  water  in  different  parts  of  these  ocea~* 
constructed  by  Bladh,  and  reduced  by  Kirwan  to  t' 
temperature  of  62°  *. 


Specific 
gravity  of 
sea  water  in 
diiFcrent 
places. 


Latitude. 

Longitude  f. 

r>p.  vr»  at  Oi  . 

North. 

East. 

59°  39' 

8° 

48' 

1.0272 

57 

18 

18 

48 

1.0269 

West. 

57 

I 

1 

22 

1.0272 

54 

CO 

■  4 

45 

1. 0271 

44 

32 

2 

04 

1.0276 

East. 

44 

07 

I 

00 

1.0276 

40 

41 

0 

30 

1.0276 

34 

40 

I 

18 

1.0280 

29 

50 

0 

00 

1. 0281 

West. 

34 

00 

2 

32 

1.0284 

18 

28 

3 

24 

1. 0281 

16 

36 

3 

37 

1.0277 

14 

56 

3 

46 

1.0275 

10 

30 

3 

49 

1.0272 

5 

50 

3 

28 

1.0274 

1 

20 

3 

26 

1.027  ^ 

I 

25 

3 

30 

1.0273 

South 

p 

16 

3 

40 

1.0277 

5 

10 

6 

00 

1.0277 

10 

00 

6 

05 

1.0285 

14 

40 

7 

00 

1.0284 

20 

06 

5 

3° 

J.0285 

25 

45 

2 

22 

1. 0281 

East. 

30 

25 

7 

12 

1.0279 

37 

37 

68 

13 

1.0276 

*  Kirwan'3  Ceol,  Enays,  p.  350.      f  The  Lon.  is  counted  from  Ten::*, 
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From  tills  Table,  compared  with  the  last,  we  learn.    Chap.  If. 
laat  the  ocean  contams  most  salt  between  south  lati- 
idc  10"-""  and  20°;  the  saline  contents  amounting  to  ra- 
laer  more  than        The  quantity  of  salt  between  north 
ctitude  1 8°  and  34°  is  rather  less  than  the  e- 

fluator  it  is  nearly  The  proportion  of  salt  is  least 

fall  in  north  latUude  57°,  where  it  amounts  to  little 
dore  than  r^-^i 

From  the  experiments  of  Wilcke,  we  learn  that  the  OftheBal- 
...  tic. 
aaltic  contams  much  less  salt  than  the  ocean  ;  that  the 

roportion  of  its  salt  is  increased  by  a  west  wind,  and 

ill  more  by  a  north  west  wind.    The  specific  gravity 

r  the  Baltic  water,  ascertained  by  this  philosopher  un- 

sr  these  different  circumstances,  and  reduced  by  Mr 

drwan  to  the  temperature  of  62°,  is  exhibited  in  the 

ii)llowing  Table  : 

Specific  Gravity. 

1.0039  Wind  at  E. 

1.0067  Ditto  at  W. 

1. 01 18  Storm  at  W. 

1.0098  Wind  at  N.W. 
From  this  Table  it  appears  that  tlie  proportion  of 
.lit  in  the  Baltic,  when  an  east  wind  prevails,  is  only 
;  and  that  this  proportion  is  doubled  by  a  wester- 
r  storm  :  a  proof  not  only  that  the  saltness  of  the  Bal- 
c  is  derived  from  the  neighbouring  ocean,  but  that 
:orms  have  a  much  greater  effect  upon  the  waters  of 
le  ocean  than  has  been  supposed  *.'  The  Euxine  and 
laspian  Seas,  if  we  believe  Tournefort,  are  less  salt 
lan  the  ocean  but  it  is  probable'  that  the  Mediter- 
anean  is  at  least  as  salt  as  the  Atlantic. 


KIrwan's  Geological  Essays,  -i.  356.       f  Tournefort's  Foyages,  ii.  410, 
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The  water  of  the  Dead  Sea  differs  exceedinglj  frora'^ 
sea  water.    Its  specific  gravity  is  1.2403  ;  and  it  is  sa- 
turated with  salt  containing  no  less  than  44.4  per  cent, 
of  saline  matter.    According  to  the  analysis  of  Lavoi.  • 
sier,  it  is  composed  of 
55.60  water 

38.15  muriat  of  lime  and  of  magnesia 
6.25  common  salt 


100.00' 


The  water  of  this  lake,  therefore,  ought  to  be  di- 
stinguished  from  sea-water  j  and  might  with  propriety 
be  included  among  mineral  waters. 


CHAP  III. 


OF  MINERAL  WATERS. 


Mineral 
waters  ex- 
plained. 


All  waters  which  are  distinguished  from  common  J 
water  by  a  peculiar  smell,  taste,  colour,  &c.  and  which 
in  consequence  of  these  properties  cannot  be  applied  to 
the  purposes  of  domestic  economy,  have  been  distin- 
guished by  the  appellation  of  mi?ieral  waters.  The?e 
occur  more  or  less  frequently  in  different  parts  of  tlic 
earth,  constitu ling  wells,  springs,  or  fountains;  some- 
times of  the  temperature  of  the  soil  through  which  the 


*  Mem.  Par,  1778,  p.  69. 
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pass,  sometimes  warm,  and  in  some  cases  even  at  the  Chap,  nr. 
boiling  temperature.  Many  of  these  mineral  springs 
attracted  the  attention  of  mankind  in  the  earliest  ages, 
and  were  resorted  to  by  those  who  laboured  under  dis- 
eases, and  employed  by  them  either  externally  or  inter- 
nally as  a  medicine.  But  it  was  , not  till  towards  the 
end  of  the  seventeenth  century  that  any  attempt  was 
made  to  detect  the  ingredients  of  which  these  waters 
were  composed,  or  to  discover  the  substances  to  which 
they  owed  their  properties. 

Mr  Boyle  may  be  considered  as  the  first  person  who  Attempts 

J  ■>  .        to  analyse 

pointed  out  the  method  of  examining  water.    He  first  than, 
ascertained  the  existence  of  air  in  it,  and  pointed  out  a 
number  of  tests,  by  means  of  which  conjectures  might 
be  made  concerning  the  saline  bodies  which  the  water 
examined  held  in  solution.    In  1665,  Dominic  du  Clos 
attempted  to  examine  the  different  mineral  waters  in 
France.  He  employed  almost  all  the  re-agents  recom- 
mended by  Boyle,  and  likewise  added  several  of  his  own. 
In  1680,  Hierne  published  a  set  of  experiments  on  the 
mineral  waters  of  Sweden.  Soon  after  various  improve- 
ments were  introduced  by  Regis,  Didier,  Burlet,  and 
Homberg;  and  in  1726  Boulduc  pointe^i  out  a  mpthod 
of  precipitating  several  of  the  saline  contents  of  water 
by  means  of  alcohol.    But  it  was  not  till  after  the  dis- 
covery of  carbonic  acid  by  Dr  Black,  that  any  consi|der- 
able  progress  was  made  in  ascertaining  the  composition 
of  mineral  waters.    Thar  subtile  acid  which  is  so  often 
contained  in  them,  and  v  hich  serves  as  a  solvent  to 
many  of  the  earths  and  even  metallic  bodies,  had 
thwarted  all  the  attempts  of  former  chemists  to  detect 
the  composition  of  these  liquids..    Since  the  discovery 
of  that  acid,  the  analysis  of  mineral  waters  has  advanced 


MINERAL 


^  Book  11.  with  great  rapidity,  in  consequence,  chiefly,  of  the  ad- 
mirable dissertation  on  the  analysis  of  mineral  water, 
published  by  Bergman  in  1778.  Since  that  period  mudi 
has  been  done  by  tlie  labours  of  Gioanetti,  Black, 
Klaproth,  Westrum,  Fourcroy,  Breze,  Kirwan,  and 
many  other  eminent  chemists.  So  that  notwithstand- 
ing the  difficulty  of  the  subject,  scarcely  any  branch  of 
chemistry  has  made  greater  progress,  or  is  farther  ad- 
vanced than  the  knowledge  of  mineral  waters. 
Substances  The  substances  hitherto  found  in  mineral  vrater, 
them.     "   aniount  to  about  38,  and  maybe  reduced  under  the  fou. 

following  heads:  1.  Air  and  its  component  parts,  oxy- 
gen and  azotic  gas.  2.  Acids.  3.  Alkalies  and  earths. 
4.  Salts. 

I.  Air,  I.  I.  Air  is  contained  in  by  far  the  ^greater  number 
of  mineral  waters:  its  proportion  does  not  exceed  -^'-flh 
of  the  bulk  of  the  water. 

2.  Oxygen  gas  was  first  detected  in  waters  by  Schcele. 
Its  quantity  is  usually  inconsiderable  ;  and  it  is  incom- 
patible with  the  presence  of  sulphurated  hydrogen  gas 
or  iron. 

3.  Azotic  gas  was  first  detected  in  Buxton  water  by 
Dr  Pearson.  Afterwards  it  was  discovered  in  Harrow- 
gate  waters  by  Dr  Garnet,  and  in  those  of  Lemington 
Priors  by  Mr  Lambe. 

s. Acids.  The  only  acids  hitherto  found  in  waters,  except 

in  combination  with  a  base,  are  the  four  following ; 
carbonic,  sulphurous,  boracic,  and  sulphurated  hydro- 
gen gas. 

I.  Carbonic  acid  was  first  discovered  in  Pyrmont 
water  by  Dr  Brownrigg.  It  is  the  most  common  in- 
gredient in  rniheral  waters,  loo  cubic  iuclies  of  the  wa- 
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-jr  generally  containing  from  6  to  40  cubic  inches  of    Chap,  nr. 
tthis  acid  gas.  According  to  Westrum,  100  cubic  inches 
)of  Pyrmont  water  contain  187  cubic  inches  of  it,  or 
lalmost  double  its  own  bulk. 

2.  Sulphurous  acid  has  been  observed  in  several  of 
the  hot  mineral  waters  in  Italy,  which  are  in  the  neigh- 
fcourhood  of  volcanoes. 

3.  The  boracic  acid  has  also  been  observed  in  sonic 
Jakes  in  Italy. 

4.  Sulphurated  hydrogen  gas  constitutes  the  most 
cconspicuous  ingredient  in  those  waters' which  are  dis- 
ttinguished  by  the  name  of  hepatic  or  sulphureous. 

III.  The  only  alkali  which  has  been  observed  in  mi-  S'-A^l^alic* 
,  .      ,   .        ,  andearths. 

rneral  waters,  unco'mbmed,  is  sod.i;  and  the  only  earthy 

bodies  are  silica  and  lime. 

1.  Dr  Black  detected  soda  in  the  hot  mineral  waters 
(of  Geyzer  and  Rykum  in  Iceland  ;  but  in  most  other 
(Cases  the  soda  is  combined  with  carbonic  acid. 

2.  Silica  was  first  observed  in  waters  by  Bergman. 
It  was  afterwards  detected  in  those  of  Geyzer  and  Ry- 
kum by  Dr  Black,  and  in  those  of  Carlsbad  by  Klap- 
roth.  TIassenfratz  observed  it  in  the  waters  of  Pougues, 
and  Breze  in  those  of  Pu.  It  has  been  found  also  in 
many  other  mineral  waters. 

3.  Lime  is  said  to  haVe  been  found  uncombineu  i.i 
some  mineral  waters  ;  but  this  has  not  been  proved  in 
a  satisfactory  manner. 

IV.  The  only  salts  hitherto  found  in  inineral  waters  4.  Salts, 
are  the  following  sulphais,  nitrats,  ?nuriatSj  carlonatSy 
and  hydrosulphurets : 
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I.  Sulphat  of  soda 


2.  ammonia 

3.  lime 

4.  magnesia 

5.  alumina 

6.  iron 

7.  copper 

8.  Nitrat  of  potass 

9.  lime 

10.  magnesia 

1 1.  Muriat  of  potass 

12.  soda 

13.  ammonia 

14.  barytes 


15.  Muriat  of  lime 

16.  magnesia 

17.  alumina 

18.  mangane 

19.  Carbonatof  potass 

20.  soda 

21.  ammonia 
22-  lime 

23.  magnesia 

24.  alumina 

25.  iron 

26.  Hydrosulph.  of  lime 

27.  potass 

28.  And  likewise  borax. 


Of  these  genera  the  carbonats  and  muriats  occur  by  far 
most  commonly,  and  the  nitrats  most  rarely. 

1.  Sulphat  of  soda  is  not  uncommon,  especially  in 
those  mineral  waters  which  are  distinguished  by  the 
epithet  saline. 

2.  Sulphat  of  ammonia  is  found  in  mineral  waters 
near  volcanoes. 

3.  Sulphat  of  lime  is  exceedingly  common  in  water. 
Its  presence  seems  to  have  been  first  detected  by  Dr 
Lister  in  1682. 

4.  Sulphat  of  magnesia ,  is  almost  constantly  an  in- 
gredient in  those  mineral  waters  which  have  purgative 
properties.  It  was  detected  in  Epsom  waters  in  i6ic, 
and  in  1696  Dr  Grew  published  a  treatise  on  it. 

5.  Alum  is  sometimes  found  in  mineral  waters,  but 
it  is  exceedingly  rare. 

6.  and  7.  Sulphat  of  iron  occurs  sometimes  in  vol- 
canic mineral  waters,  and  has  even  been  observed  in 
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aer  places,  But'sulphat  of  copper  Is  only  found  in  Chap.  in. 
lie  waters  which  issue  from  copper  mines. 

8.  Nitre  has  been  found  in  some  springs  in  Hungary ; 
i"Ut  it  is  exceedingly  uncommon. 

9.  Nitrat  of  lime  was  first  detected  in  water  by  Dr 
Home  of  Edinburgh  in  1756.  It  is  said  to  occur  in  some 
|;prings  in  the  sandy  deserts  of  Arabia. 

•  10.  Nitrat  of  magnesia  is  said  to  have  been  found  in 
aome  springs. 

11.  Muriat  of  potass  is  uncommon;  but  it  has  lately 
eeen  discovered  in  the  mineral  springs  of  Uhleaborg  in 
«weden  by  Julin- 

12.  Muriat  of  soda  is  so  exceedingly  common  in  mine- 
aal  waters,  that  hardly  a  single  spring  has  been  analysed 
yithout  detecting  some  of  it. 

13^  Muriat  of  ammonia  is  uncommon ;  but  it  has 
Kieen  found  in  some  mineral  springs  in  Italy  and  in 
IJiberia. 

14.  Muriat  of  barytes  is  still  more  uncommon  ;  but 
tts  presence  in  mineral  waters  has  been  announced  by 
Bergman. 

15.  and  16.  Muriats  of  lime  and  magnesia  are  com- 
mon ingredients. 

17.  Muriat  of  alumina  has  been  observed  in  waters 
)5y  Dr  Withering  ;  but  it  is  very  uncommon. 

iS.  Muriat  of  manganese  was  mentioned  by  Berg- 
man as  sometimes  occurring  in  mineral  waters.  It  has 
..ately  been  detected  by  Lambe  in  the  waters  of  Leming- 
corf  Priors  ;  but  in  an  extremely  limited  proportion. 

19.  1  he  presence  of  carbonat  of  potass  in  mineral 
mztcr.^  has  been  mentioned  by  several  chemists  :  if  it 
Idocs  occur,  it  must  be  in  a  very  small  proportion. 

20.  But  carbonat  of  soda  is,  perhaps,- the  most  com- 
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Book  11,    rnon  ingredients  of  these  liquids,  if  we  except  commoi 
salt  and  carbonat  of  lime. 

21.  Carbonat  of  ammonia  has  been  discovered  hi 
waters  ;  but  it  is  uncommon. 

32.  Carbonat  of  lime  is  found  in  almost  all  waters, 
and  is  usually  held  in  solution  by  an  excess  of  acid.  It 
appears  from  the  different  experiments  of  chemists,  as 
stated  by  Mr  Kirwan,  and  especially  from  those  of  Bcr- 
thollet,  that  w^ter  saturated  with  carbonic  acid  is  ca- 
pable of  holding  in  solution  0.002  of  carbonat  of  lime. 
Now  water  saturated  with  carbonic  acid  at  tlie  tempe- 
rature of  50°,  contains  very  nearly  0.002  of  its  weight 
of  carbonic  acid.    Hence  it  follows  that  carbonic  acid, 
when  present  in  such  quantity  as  to  saturate  water,  is 
capable  of  holding  its  own  weight  of  carbonat  of  lime 
in  solution.    Thus  we  see  that  1000  parrs  by  weight 
of  water,  when  it  contains  two  parts  of  carbonic  acid, 
is  capable  of  dissolving  two  parts  of  carbonat  of  lime. 
When  the  proportion  of  water  is  increased,  it  is  capable 
of  holding  the  carbonat  of  lime  in  solution,  even  wlien 
the  proportion  of  carbonic  acid  united  with  it  is  dimi- 
nished.   Thus  24,000  parts  of  water  are  capable  of 
holding  two  parts  of  carbonat  of  lime  in  solution,  even 
when  they  contain  only  one  part  of  carbonic  acid.  The 
greater  the  proportion  of  water  the  smaller  a  proportion 
of  carbonic  acid  is  necessary  to  keep  the  lime  in  solu- 
tion ;  and  when  the  water  is  increased  to  a  certain  pro- 
portion, no  sensible  excess  of  carbonic  acid  is  necessary. 
It  ought  to  be  remarked  also,  that  water,  how  small  a 
quantity  soever  of  carbonic  acid  •  it  contains,  is  ca- 
..  pable  of  holding  carbonat  of  lime  in  soJution,  provided 
the  weight  of  the  carbonic  acid  present  exceed  that  of 
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"  lime  *.    These  observations  apply  equally  to  the    Chap,  iii.^ 
.  xer  earthy  carbonats  held  in  solution  by  mineral 
raters. 

23.  Carbonat  of  magnesia  is  also  very  common  in 
iiineral  waters,  and  is  almost  always  accompanied  by 
jrbonat  of  lime. 

24.  Carbonat  of  alumina  is  said  to  have  been  found 
11  waters;  but  its  presence  has  not  been  properly  ascer- 
lined. 

25.  But  carbonat  of  iron  is  by  no  means  uncommon; 
udeed  it  forms  the  mo^t  remarkable  ingredient  in  those 
'■atcrs  which  are  distinguished  by  the  epithet  chaly- 
tat. 

26.  and  27.  The  hydrosulphurets  of  lime  and  of  soda 
ave  been  frequently  detected  in  those  waters  which 

rre  called  sulphur-cous  or  hepatic. 
.  28.  Borax  exists  in  some  lakes  in  Persia  and  Thibet; 
ut  the  nature  of  these  waters  has  not  been  ascer- 
lained  f . 

Besides  these  substances,  certain-  vegetable  and  ani-  j.Vcgeta- 
mal  matters  have  been  occasionally  observed  in  mineral  |^i^at^' 
r/aters.    But  in  most  cases  these  are  rather  to  be  con-  ^^^^ 
idered  in  the  light  of  accidental  mixtures  than  of  real 
omponent  parts  of  the  waters  In  which  they  occur. 
From  the  above  enumeration,  we  are  enabled  to  form 
pretty  accurate  idea  of  the  substances  which  occur  in 
mineral  waters  ;  but  this  is  bj  no  means  sufficient  to 
nake  us  acquainted  with  these  liquids.    No  mineral 
vater  contains  all  of  these  substances.     Seldom  are 
here  more  than  five  or  sis.  of  them  present  together, 
and  hardly  ever  do  they  exceed  the  number  of  eight  or 


*  Kirwjm  on  Mineral  Water s,-^.  15. 


f  Ibid.  p.  8.  Ac 


384 


MINERAL 


Cook  II. 


Mineral 
waters  di- 
vided into 
four  classes. 


I.  Acidu- 
lous. 


1.  Chaly- 
beate. 


ten.    The  proportion,  too,  in  which  they  enter  into  mlw, 
neral  waters  is  generally  small,  and  in  many  cases  ex*^ 
tremely  so.    Now  in  order  to  understand  the  nature  ojf^ 
mineral  waters,  it  is  necessary  to  know  the  substances*- 
which  most  usually  associate  together,  and  the  propor-^^ 
tion  in  ■wrhich  they  commonly  associate.    In  the  great-^ 
er  part  of  mineral  waters  there  is  usually  some  sub- 
stance present  which,  from  its  greater  proportion  or  its^ 
greater,  activity,  stamps,  as  it  were,  the  character  of  thq^ 
water,  and  gives  it  those  properties  by  which  it  is  most^ 
readily  distinguished.    This  substance  of  course  claims'* 
the  greatest  attenton,  while  the  other  bodies  which  en 
ter  in  a  smaller  proportion  may  vary  or  even  be  ab- 
sent altogether,  without  producing  any  sensible  chang 
in  the  nature  of  the  water.    This  circumstance  enablesf' 
us  to  divide  mineral  waters  into  classes,  distinguishe 
by  the  peculiur  substance  which  predominates  in  each 
Accordingly  they  have  been  divided  into  four  classes 
namely, 

1,  Acidulous,  3.  Hepatic, 

2.  Chalybeate,  4.  Saline. 
Let  us  take  a  view  of  each  of  these  classes. 

1.  The  acidulous  waters  contain  a  considerable  pi"-^ 
portion  of  carbonic  acid.  Thej?  are  easily  distinguish- 
ed by  their  acid  taste,  and  by  their  sparkling  like' 
champaign  wine  when  poured  into  a  glass.  They  con 
tain  almost  constantly  some  common  salt,  and  in  gene- 
ral also  a  greater  or  smaller  proportion  of  the  earthy 
carbonats. 

2.  The  chalybeate  waters  contain  a  portion  of  iron|-| 
and  are  easily  distinguished  by  the  property  which  thej^f 
have  of  striking  a  black  with  the  tincture  of  nutgalls.!| 
The  iron  is  usually  held  in  solution  by  carbonic  acid.^ 
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I  very  often  happens  that  this  acid  is  in  excess  ;  in  ,  Chap.  IIT.^ 
.  hich  case  the  waters  are  not  only  chalybeate  hut  aci- 
I0113.    This  is  the  case  with  the  waters  of  Spa  and 
rmoiit.    In  some  instances  the  iron  is  in  the  state  of 
sulphat.    The  waters  holding  the  sulphat  of  iron 
iannot  well  be  applied  to  medicinal  uses  :  Ukey  may 
oe  readily  distinguished  by  the  property  wl^^i  they 
aave  of  continuing  to  strike  a  black  with  tincture  of 
LUtgalls  even  after  being  boiled  and  filtered;  whereas 
noiling  decomposes  the  carbonat  of  iron,  and  causes 
£s  base  to  precipitate. 

3.  The  hepatic  or  sulphureous  waters  are  those  which  3.  Hepatic, 
contain  sulphurated  hydrogen  gas.    These  waters  are 

asily  distinguished  by  the  odour  of  sulphurated  hydro- 
en  gas  which  they  exhale,  and  by  the  property  which 
Ihey  have  of  blackening  silver  and  lead.  The  nature 
uf  the  waters  belonging  to  this  class  long  puzzled  che- 
nists.  Though  they  often  deposite  sulphur  sponta- 
neously, yet  no  sulphur  could  be  artificially  separated 
iVom  them.  The  secret  was  at  last  discovered  by 
Bergman.  These  waters  are  of  two  kinds  :,in  the  first 
the  sulphurated  hydrogen  is  uncombined ;  in  the  second 
tt  is  united  to  lime  or  an  alkali.  They  are  frequently 
ilso  impregnated  with  carbonic  acid,  and  usually  con- 
i^in  some  muriats  or  sulphats. 

4.  '  Saline  waters  are  those  which  contain  only  salts  4.  Saline, 
n  solution,  without  iron  or  carbonic  acid  in  excess. 

irhey  may  be  distinguished  into  four  different  orders. 
IThe  waters  belonging  to  the  first  order  contain  salts 
.whose  base  is  lime,  and  generally  either  the  carbonat  or 
Ithe  sulphat.  They  are  known  by  the  name  of  hard  wa- 
iters, and  have  but  a  slight  disagreeable  taste.  The  wa- 
ters belonging  to  the  second  order  are  those  in  which 
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common  salt  predominates.  They  are  readily  recog- 
nized by  their  salt  taste,  and  like  sea  water  usually  con- 
tain some  magnesian  and  calcareous  salts.  The  waters 
of  the  third  order  contain  sulphat  of  magnesia.  They 
have  a  bitter  taste  and  are  purgative.  Finally,  the  wa- 
ters of  the  fourth  order  are  alkaline,  containing  carbonat 
of  soda.  They  are  easily  distinguished  by  the  property 
which  they  have  of  tinging  vegetable  blues  green. 

Such  is  a  ahort  view  of  the  different  classes  of  min 
ral  waters.  A  pretty  accurate  notion  may  be  form 
of  the  salts  which  most  commonly  associate,  and  of  t 
proportions  of  each,  from  the  following  Table,  whic 
exhibits  a  synoptical  view  of  the  component  parts  of 
considerable  number  of  mineral  waters  as  analysed 
different  chemists. 


I  I  I  I  I  I  11  I  I  I  I   I  I 

1   I     "-O    I     I  oo     ,  , 


3 

5  E 


i  I  I  I  I  i  1 1  ?  I  I  ^  I  I  I 

o  o  


I  I 


bo 


M 
M 


CO 


I 


o 


OS 
CO 


I  1 


oo 


1 1 


o 

M 

0\ 


B 


I  i 


CO 

00 


CO  o 


I    6  I 
rn  H 


q 
fo 


•a 


O  (A 


3 


s 


(4 

•a 
o 


c 

o 


c 

■O 

O 


E 

13 


o 

CO 


be 


1 1 1 


cc  6  M  vd 


0« 


I  I 


o 
oo 


oo 


I  =  I 

o 


I  1,1  ^1  I 


On 


oo' 


ri 


't- 


t-^  O 

•        •  • 


o  o 
d  d 


6  6 


ro 

CO 


bo 


CO  fO'JO 


LO 


■-o  oo 
coco   CO  0\ 


00 

1-^ 


>o 


ct 

-  d 

M     C<  >-l 


0\  ^  rt- 


CI  o-i 
6>  OO 


OO 
CO 


* 
>-o 


^  R 
»•  « 

r'-'  " 

^    u  § 

Si 

*  .2 


H-1 


T3 


CO 


J2  iJ 
in  0-"3 


I  I 


COOO 


o 

d  c» 


CO 


TO  rj 

0:5 


00 

o  CO  vo 


CO  ON  CTs   '  VO 


CO 
10 


O 


LO  10 

•  ■  •  • 

VO  00 


00 


I s I  1  I  II  I  i  I  I  II II 


IS 


0\  CO  O   ')        O  VO  VO  o        o  o  o  o 

•^co^OTl-coc   M   mVOVO   O  >j-)-^-^- 

OV  ON  Ov  C3N  GV  roOO    M    j-i  00    O  c^    >-<-i  c< 

COOOOOOOOO    LOVoOVr^O    O  C»  MOO 

C<                ~>  CO  M  tJ-  c^  CO 


(U 


rt 


6 CO 


o 
cn 
1-1 

O 


<U  b— <     "     (U      O      i-i      i-"      T    r--  '-H 


^  C!  , 

<u  o 


rt 


Hi 

a  ;i  ■'■J 


bo 

)- 

o 


(U 


N 
u 

pq 


•S 

o 
u 

a. 

5 


CO 


E 

u 


CN 
•  M 

ts 

"  S 

O 


388 


ANALYSIS  OP 


Book  II. 


CHAP.  IV. 


OF  THE  METHOD  OF  ANALYSING  WATERS. 


The  analysis  of  waters,  or  the  art  of  ascertaining  the 
different  substances  which  thej  hold  in  solution,  and  of  ^ 
determining  the  proportion  of  these  substances,  is  one 
of  the  most  difficult  things  in  chemistry.  The  difficul- 
ty arises,  not  only  from  the  diversity  of  the  bodies  which 
occur  in  waters,  but  from  the  very  minute  quantities 
of  some  of  the  ingredients.  Though  many  attempts  had 
been  made  to  analj-se  particular  waters,  and  several  of 
these  were  remarkably  well  conducted,  no  general  mode 
of  analysis  was  known  till  Bergman  published  his  Trea- 
tise on  Mineral  Waters  in  1778.  Ihis  admirable  tract 
carried  the  subject  all  at  once  to  a  very  high  degree 
perfection.  The  Bergmannian  method  has  been  follow 
ed  by  succeeding  chemists,  to  whopi  we  are  indebted 
not  only  for  a  great  number  of  very  accurate  analyses 
of  mineral  waters,  but  likewise  for  several  improve- 
ments  in  the  mode  of  conducting  the  analysis.  Mr  Kir- 
wan  has  in  1799  published  an  Essay  on  the  general  an- 
alysis of  waters,  no  less  valuable  than  that  of  Bergman}; 
containing  all  that  has  hitherto  been  done  on  the  sub- 
ject, and  enriched  by  the  numerous  experiments  of  Mr 
Kirwan  himself,  which  are  equally  important  and  we 
conducted.  Mr  Kirwan  has  given  a  new  method  of  an- 
alysis, which  will  probably  be  adopted  hereafter  j  not 
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only  becnuse  it  is  shorter  and  easier  than  the  Bergman- 
nian,  but  because  it  is  susceptible  of  a  greater  degree 
}}{  accuracy.  I  propose  in  this  Chapter  to  give  an  ac- 
:count  of  this  method. 

The  analysis  of  waters  resolves  itself  into  two  diffe- 
rent branches  :  I.  The  method  of  i  ascertaining  all  the 
liifferent  bodies  contained  in  the  water  which  we  are  ex- 
umining.  2.  The  method  of  determining  the  exact  pro- 
)5ortion  of  each  of  these  ingredients.  These  two  branch- 
.ss  shall  form  the  subject  of  the  two  following  Sec- 
lions. 


SECT.  L 

IlETilOD  OF  DETERMINING  THE  INGREDIENTS  OF  WATSRS- 

IT  IE  different  bodies  which  are  dissolved  and  combined 
fn  water,  are  discovered  by  the,  Addition  of  certain  sub- 
ttances  to  the  w^ater  which  is  subjected  to  examination. 
"Che  consequence  of  the  addition  is  some  change  in  the 
jppearance  of  the  water  ;  and  this  change  indicates  the 
mresence  or  the  absence  of  the  bodies  suspected.  The 
vubstances  thus  employed  are  distinguished  by  the  name 
fcf  tests,  and  are  the  instruments  by  means  of  which  the 
inalysis  of  water  is  accomplished.  They  were  first  in- 
rroduced  into  chemistry  by  Boyle,  and  were  gradually 
Bicreased  by  succeeding  chemists  :  but  Beigman  was 
ihe  first  who  ascertained  with  precision  the  degree  of 
Bonfidence  which  can  be  placed  in  the  different  tests. 
They  still  continued  rather  uncertain  and  precarious, 
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For  gases, 


Carbonic 
acid, 


Mineral  a- 

cids, 


Sulphura- 
ted hydro- 
gen, 


till  Mr  Kirwan  shewed  how  they  might  be  combined  t 
and  arranged  in  such  a  manner  as  to  give  certain  an4j, 
precise  indications  whether  or  not  any  particular  suh*/ 
stance  constitutes  a  component  part  of  water.    Let  u~ 
consider  by  what  means  the  presence  or  the  absence 
all  the  different  substances  which  occur  in  waters  maj^ 
be  ascertained. 

I.  The  gaseous  bodies  contained  in  water  are  obtait 
ed  by  boiling  it  in  a  retort  luted  to  a  pneumatic  app- 
ratus,    The  method  of  separating  and  examining  these 
different  bodies  shall  be  described  in  the  next  Section. 

II.  The  presence  of  carbonic  acid,  not  combined  wi  . 
a  base,  or  combined  in  excess,  may  be  detected  by 
following  tests  :  i.  Lime  water  occasions  a  precipita 
soluble  with  effervescence  in  muriatic  acid.  2.  Tt 
infusion  of  litmus  is  7-eddened ;  but  the  red  colour  gra- 
dually disappears,  and  may  be  again  restored  by  the  ad- 
dition of  more  of  the  mineral  water  *.  3.  When  boiled 
it  loses  the  property  of  reddening  the  infusion  of  lit- 
mus. 

III.  The  mineral  acids  when  present,  uncombined  in 
water,  give  the  infusion  of  litmus  a  permanent  red, 
even  though  the  water  has  been  boiled.  Bergman  has 
shewn  that  paper,  stained  with  litmus,  is  reddened  when 
dipt  irito  water  containing  of  sulphuric  acid. 

IV.  Water  containing  sulphurated  hydrogen  gas  is 
distinguished  by  the  following  properties;  i.  It  exhales 


*  When  the  carbonic  acid  is  uncombined  with  a  base,  it  reddens  thVi 
infusion  of  litmus,  though  it  amounts  to  no  more  than  one-sixteenth 
the  bulk  of  the  water  which  contains  it.    When  it  is  combined  in  exc 
with  a  base,  it  must  amount  to  one-sixth  of  the  bulk  of  the  water  to  pr 
ducc  that  effect — See  Kirwan  on  Mineral  IVaicn,  p.  35.  ,t 
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^  le  peculiar  odour  of  sulphurated  hydrogen  gas.    2.  It    Chap,  iv. 
ddeiis  the  infusion  of  litmus  fugaciously.  3.  It  black- 
d  paper  dipt  into  a  soiutio;i  «.f  lead,  and  precipitates 
e  nitrat  of  silver  black  or  brown. 

V.  Alkalies,  and  alkaline  and  earthy  carhonats^  are  g^^rthy 
tinguished  by  the  following  tests  :  i.  The  infusion  carbonats, 
turmeric,  or  paper  stained  with  turmeric,  is  rendered 

,wn  by  alkalies,  or  reddish -brown  if  the  quarttity  be 
inute.    This  change  is  produced  when  the  soda  in 
.Iters  amounts  only  to -^^^t-^  part*.    2.  Paper  stain- 
l  with  Brazil  wood,  or  the  infusion  of  Brazil  wood,  is 
adered  blue  :  But  this  change  is  produced  also  by  the 
.aline  and  earthy  carbonats.    Bergman  ascertained 
t  water  containing  -^--j^Vt  P^"- ^     carbonat  of  soda  ren- 
paper  stained  with  Brazil  wood,  blue  f.   3.  Litmus 
per  reddened  by  vinegar  is  restored  to  its  original 
hie  colour.    This  change;  is  produced  by  the  alkaline 
nd  earthy  carbonats  also.    4.  When  these  changes  are 
iij^acious,  we  may  conclude  that  the  alkali  is  ammonia. 

VI.  Fixed  alkalies  exist  in  water  which  occasions  a  Fixed alka- 
1  ecipitate  with  muriat  of  magnesia  after  being  boiled. 

latile  alkali  may  be  distinguished  by  the  smell,  or 
'  may  be  obtained  in  the  receiver  by  distilling  a  por- 

ii  of  the  water  gently,  and  then  it  maybe  distinguish- 
d  by  the  above  tests. 

VII.  Earthy  and  metallic  carbonats  are  precipitated  Earthy  and 

metallic 
carbonats. 


*  The  same  change  is  produced  by  lime-water ;  but  pure  lime  very 
eeldom  indeed  occurs  in  mineral  waters.    It  is  needless  to  observe,  that 
hhe  alkalies  produce  the  same  effect  on  tun)icric,  whether  they  be  pure 
)r  in  ihe  state  of  carbonats.    The  earthy  carbonats  have  no  effect  on 
urmeric. 

\  Sulphat  of  lime  likewise  renders  Brazil  wood  blue. 
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,  by  boiling  the  water  containing  them  ;  eJccept  carbonat 
of  magnesia,  which  is  only  precipitated  imperfectly. 
Iron,  VIII.  Iron  is  discovered  by  the  following  tests: 

I .  The  addition  of  tincture  of  nutgalls  gives  water  con- 
taining iron  a  purple  or  black  colour.    This  test  indi- 
cates the  presence  of  a  very  minute  portion  of  iron.  If 
'  the  tincture  has  no  effect  upon  the  water  after  boiling, 
though  it  colours  it  before,  the  iron  is  in  the  state  of  a 
carbonat.    The  following  observations  of  Wcsirum  on 
the  colour  which.iron  gives  to  nutgalls,  as  modified  by 
other  bodies,  deserve  attention. 
A  violet  indicates  an  alkaline  carbonat  or  earthy  salt. 
Dark  purple  indicates  other  alkaline  salts. 
Purplish  red  indicates  stdphurated  hydrogen  gas  *. 
Whitish  and  then  black  indicates  sulphat  of  lime. 
1.  The  Prussian  alkali  occasions  a  blue  precipitate  in 
water  containing  iron.  If  an  alkali  be  present,  the  blue 
precij)itate  does  not  appear  unless  the  alkali  be  satura- 
ted with  an  acid, 
add^"^''^         IX.  Sulphuric  acid  exists  in  waters  which  form  a 
precipitate  with  the  following  saline  solutions  : 
I         I.  Muriat,  nitrat,  or  acetite  of  barytes 

2  strontian 

3  ,  lime 

4.  Nitrat  or  acetite  of  lead. 
Of  these  the  most  powerful  by  far  is  muriat  of  barytes, 
which  is  capable  of  detecting  the  presence  of  sulphuric 
acid  uncombined,  when  it  does  not  exceed  the  millionth 
part  of  the  water.  Acetite  of  lead  is  next  in  point  of 
,^  power.    The  muriats  are  more  powerful  than  the  ni- 

\^       trats.    The  calcareous  salts  are  least  powerful.  AH 


*  Or  rather  manganese,  a? cording  to  Kirwan. 
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lihEse  tests  are  capable  of  indicating  a  mucli  smaller  Chap.ry-.^ 
*roportion  of  uncombined  sulphuric  acid  than  Tvlien  it 
18  combined  with  a  base  *.  To  render  muriat  of  barj- 
KS  a  certain  test  of  sulphuric  acid,  the  following  pre- 
jdUtions  must  be  observed  :  i.  The  muriat  must  be  di- 
luted. 2.  The  alkalies,  or  alkaline  carbonats,  if  the 
(Vftter  contain  any,  must  be  previously  saturated  with 
nuriatic  acid.  3.  The  precipitate  must  be  insoluble  in  ' 
StiWriatic  acid.  4.  If  boracic  acid  be  suspected,  muriat 
if  strontian  must  be  tried,  which  is  hot  precipitated  by 
ooracic  acid.  5.  The  hydrosulphardts  precipitate  ba- 
•ytic  solution^  but  their  presence  is  easily  discovered  by 
ihe  srnell. 

X.  Mufiatic  acid  is  detected  by  nitrat  of  silver,  Muriatic 
hich  occasions  a  ^hite  precipitate,  or  a  cloud  in  wa- 

fer  containing  an  exceedingly  minute  portion  of  this  a- 
iid.  To  render  this  test  certain,  the  following  ptecau- 
ions  are  necessary  :  1 .  The  alkalies  or  carbonats  must 
we  previously  saturated  with  nitric  acid.  2,  Sulphuric 
ccid,  if  any  be  preseht,  must  be  previously  removed  by 
means  of  nitrat  of  barytes.  3.  The  pi'ecipitate  must 
Kifi  insoluble  in  nitric  acid. 

XI.  Boracic  acid  is  detected  by  tneans  of  acetite  of  goracic  a- 
cead,  with  which  it  forms  a  precipitate  insoluble  in  ^id, 
icetous  acid.    But  to  render  this  test  certain,  the  alka- 

iiies  and  earths  rnust  be  previously  saturated  with  acetous 
»cid,  and  the  sulphuric  and  muriatic  acids  removed  by 
means  of  acetite  of  strontian  and  acetite  of  silvef. 

0 

XII.  Barytes  is  detected  by  the  insoluble  white  pre-  Barytes 
iipitate  which  it  forms  with  diluted  sulphuric  acid. 

Xlil.  Lime  is  detected  by  means  of  oxalic  acid)  which  Lime, 


*  Kirwan  on  Mineral  Waien,  p.  65. 
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occasions  a  white  precipitate  in  water,  containing  a  very 
minute  proportion  of  this  earth.  To  render  this  test 
decisive,  the  following  precautions  are  necessary:  i.  The 
mineral  acids,  if  any  be  present,  must  be  previously 
saturated  with  an  alkali.  2.  Barytes,  if  any  be  present, 
must  be  previously  removed  by  means  of  sulphuric  acid. 
3.  Oxalic  acid  precipitates  magnesia  but  very  slowly, 
whereas  it  precipitates  lime  instantly, 
Magnesia  XIV.  Magnesia  and  alumina.  The  presence  of  these 
earths  is  ascertained  by  the  following  tests:  i.  Pure 
ammonia  precipitates  tliem  both,  and  no  other  earth, 
provided  the  carbonic  acid  has  been  previously  separated 
by  a  mineral  alkali  and  boiling.  2.  Lime-water  preci- 
pitates only  these  two  earths,  provided  the  carbonic 
acid  be  previously  removed,  and  the  sulphuric  acid  also, 
by  means  of  nitrat  of  barytes. 

The  alumina  may  be  separated  from  the  miignesia 
after  both  have^been  precipitated  together,  either  by 
boiling  the  precipitate  in  pure  potass,  which  dissolves 
the  alumina  and  leaves  the  magnesia  j  or  the  precipitate 
may  be  dissolved  in  muriatic  acid  precipitated  by  an  al- 
kaline carbonat,  dried  in  the  temperature  of  a  igo°, 
and  then  exposed  to  the  action  of  diluted  muriatic  acid, 
which  dissolves  the  magnesia  without  touching  the  alu- 
mina. 

Silica.  XV.  Silica  may  be  ascertained  by  evaporating  a  por- 
tion of  the  water  to  dryness,  and  redlssolvlng  the  preci- 
pitate in  muriatic  acid.  The  silica  remains  behind  un- 
dissolved. 

Such  is  the  -method  of  detecting  the  different  sub- 
stances commonly  found  in  waters.  But  as  these  different 
substances  are  almost  always  combined  together,  so  as  tO; 
constitute  particular  salts,  it  is  not  sulBcient  to  know  ia'^ 
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iieral  what  the  substartces  are  which  are  found  in  the  , ^  '^P' 
iter  we  are  examining ;  we  must  know  also  in  what 
umner  they  are  combined.    Thus  it  is  not  sufficient 
)  know  that  lime  forms  an  ingredient  in  a  particular 
•  iter,  we  must  know  also  the  acid  with  which  it  13 
ited.    Mr  Kirwan  first  pointed  out  how  to  accom- 
sh  this  difficult  task  by  means  of  tests.    Let  us  take 
hort  view  of  his  method. 

I.  To  ascertain  the  presence  of  the  different  sul-  Sulphats, 
-hats. 

The  sulphats  which  occur  in  water  are  seven,  but 
me  of  these,  namely,  sulphat  of  copper^  is  so  uncom- 
mon, that  it  may  be  excluded  altogether.  The  same 
eemark  applies  to  sulphat  of  ammonia.  It  is  almost  un- 
necessary to  observe,  that  no  sulphat  need  be  looked  for 
unless  both  its  acid  and  base  have  been  previously  de- 
tected in  the  water. 

I.  Sulphat  of  soda  may  be  detected  by  the  following  i.  Alkaline, 
method :  Free  the  water  to  be  examined  of  all  earthy 
lulphats  by  evaporating  it  to  one  half,  and  adding  lime-  > 
wrater  as  long  as  any  precipitate  appears.  By  this  means 
Ihe  earths  will  all  be  precipitated  except  lime,  and  the 
>i)nly  remaining  earthy  sulphat  will  be  sulphat  of  lime, 
nvhich  will  be  separated  by  evaporating  the  liquid  till 
rt  becomes  concentrated,  and  then  dropping  into  it  a 
iittle  alcohol,  and  after  filtration  adding  a  little  oxalic 
lacid. 

With  the  water  thus  purified,  mix  a  solution  of  lime, 
(f  a  precipitate  appears  either  immediately  or  on  the 
[addition  of  a  little  alcohol,  it  is  a  proof  that  sulphat 
of  potass  or  of  soda  is  present.  Which  of  the  two  may 
«e  determined  by  mixing  some  of  the  purified  water 
mrith  acetite  of  barytes.  Sulphat  of  barytes  precipitates. 


39^ 


ANALYSIS  OB 


Booh  II.  Filter  nnd  evaporate  to  dryness.  Digest  the  residuuiri 
in  alcohol.  It  will  dissolve  the  alkaline  acetite.  Evapo- 
rate to  dryness,  and  the  dry  salt,  will  deliquesce  if  it  be 
acetite  of  potass,  but  effloresce  if  it  be  acetite  of  soda. 

•lii'^'"'^^"  ^'  "^"'P^^*  °^  Yime  may  be  detected  by  evaporating 
the  water  suspected  to  contain  it  to  a  few  ounces.  A 
precipitate  appears,  which,  if  it  be  sulphat  of  lime,  i| 
soluble  in  500  parts  of  water;  and  the  solution  ailbrds  a 
precipitate  with  the  muriat  of  barytes,  oxalic  acid,  car. 
bonat  of  magnesia,  and  with  alcohol. 
3.  Alum,  ^.  Alum  may  be  detected  by  mixing  carbonat  of  lime 
with  the  water  suspected  to  contain  it.  If  a  precipitate 
appears  it  indicates  the  presence  of  alurti,  or  at  least 
of  sulphat  of  alumina  ;  provided  the  water  contains  no 
muriat  of  barytes  or  metallic  sulphats.  The  first  of 
these  salts  is  incompatible  with  alum.  The  second 
may  be  removed  by  the  alkaline  prussiats.  When  a  pre- 
cipitate is  produced  in  water  by  muriat  of  lime,  car- 
bonat of  lime,  and  muriat  of  magnesia,  we  may  conclude 
that  it  contains  alum  or  sulphat  of  alumina. 

4.  Magne-^       4.  Sulphat  of  magnesia  may  be  detected  by  means  of 

hydrosulphuret  of  strontian,  which  occasions  an  imme- 
diate precipitate  with  this  salt  and  with  no  other  ;  pro- 
vided the  water  be  previously  deprived  of  alum,  if  any 
be  present,  by  means  of  carbonat  of  lime,  and  provided 
also  that  it  contains  no  uncombincd  acid,  not  even  car- 
bonic acid. 

5.  Of  iron.       5.  Sulphat  of  iron  is  precipitated  from  water  by  .al- 

cohol, and  then  it  may  be  easily  recognised  by  its  pro- 
perties. 

Muriats.  II,  To  ascertain  the  presence  of  the  difFerent  mu- 
riats. 

The  muriats  found  in  waters  amount  to  eight  or  t» 
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ne,  if  niuriat  of  iron  be  included.  The  most  common  Chap.iv. 

.        .   «  ' 

r  far  is  muriat  of  soda. 

1 .  Muriat  of  soda  and  of  potass  may  be  detected  by  i-  Alkaline, 
e  following  method  :  Separate  die  sulphuric  acid  by 

ohol  and  nitrat  of  barytes.    Decompose  the  earthy 
..ats  and  muriats  by  adding  sulphuric  acid.  Expel 
e  excess  of  muriatic  and  nitric  acids  by  heat.  Sepa- 
te  the  sulphats  thus  formed  by  alcohol  and  barytic 
iater.    The  water  thus  purified  can  contain  nothing 
at  alkaline  nitrats  and  muriats.    If  it  forms  a  precipi- 
itte  with  acetite  of  silver,  we  may  conclude  that  it  con- 
iins  muriat  of  gbda  or  of  potass.    To  ascertain  which, 
faporate  the  liquid  thus  precipitated  to  dryness ;  dis^ 
lilve  the  acetite  in  alcohol.  Evaporate  to  dryness.  The 
il.it  will  deliquesce  if  it  be  acetite  of  potass,  but  effloresce 
it  be  acetite  of  soda. 

2.  Muriat  of  barytes  may  be  detected  by  sulphuric  a.  Barytlc. 
id,  as  it  is  the  only  barytic  salt  hitherto  found  in 

raters. 

3.  Muriat  of  lime  may  be  detected  by  the  following  s-Calcarc- 
aethod :  Free  the  water  of  sulphat  of  lime:  and  other 
alphats,  by  evaporating  it  to  a  few  ounces,  mixing  it 
iith  spirit  of  wine,  and  adding  bst  of  all  nitrat  of 
urytes  as  long  as  any  precipitate  appears.  Filter  off  the 
.-ater,  evaporate  to  dryness,  treat  the  dry  mass  with 
ccohol.  Evaporate  the  alcohol  to  dryness  and  dissolve 
we  residuum  in  water.  If  this  solution  gives  a  precipi- 
ate  with  acetite  of  silver  and  oxalic  acid,  it  may  con- 
tun  muriat  of  lime.    It  must  contain  it  in  that  case, 

,  after  being  treated  with  carbonat  of  lime,  it  gives  no 
precipitate  with  ammonia.  If  it  does,  separate  the  lime 
yy  means  of  oxalic  acid,  filter  and  distil  with  a  gentle 
ceat.  If  the  liquid  in  the  receiver  gives  a  precipitate  with 
iitrat  of  silver,  muriat  of  lime  existed  in  the  water. 
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4.  Muriat  of  magnesia  may  be  detected  by  separating 
all  the  sulphuric  acid  by  means  of  nitrat  of  barytes. 
Filter,  evaporate  to  dryness,  and  treat  the  dry  mass 
with  alcohol.  Evaporate  the  alcohol  solution  to  dry- 
ness, and  dissolve  the  residuum  in  water.  The  muriat 
of  magnesia,  if  the  water  contained  any,  will  be  found 
in  this  solution.  Let  us  suppose  that,  by  the  tests  for- 
merly described,  the  presence  of  muriatic  acid  and  of 
magnesia  in  this  solution  has  been  ascertained.  In  that 
case,  if  carbonat  of  lime  affords  no  precipitate,  and  if 
sulphuric  acid  and  evaporation,  together  with  the  addi- 
tion of  a  little  alcohol,  occasion  no  precipitate,  the  solu- 
tion contains  only  muriat  of  magnesia.  If  these  tests 
give  precipitates,  we  must  separate  the  lime  which  is 
present  by  sulphuric  acid  and  spirit  of  wine,  and  distil 
off  the  acid  with  which  it  was  combined.  Then  the 
magnesia  is  to  be  separated  by  the  oxalic  acid  and  al- 
cohol; and  the  acid  with  which  it  was  united  is  to  be  di- 
stilled off.  If  the  liquid  in  the  retort  gives  a  precipitate 
with  nitrat  of  silver,  the  w^ater  contains  muriat  of  mag- 
nesia. 

5.  Muriat  of  alumina  may  be  discovered  by  satura- 
ting the  water,  if  it  contain  an  excess  of  alkali,  with 
nitric  acid,  and  separating  the  sulphuric  acid  by  means 
of  nitrat  of  barytes.  If  the  liquid  thus  purified  gives 
a  precipitate  with  carbonat  of  lime,  it  contains  muriat 
of  alumina.  The  muriat  of  iron  or  of  manganese,  if 
any  be  present,  is  also  decomposed,  and  the  iron  preci- 
pitated by  this  salt.  The  precipitate  may  be  dissolved 
in  muriatic  acid,  and  the  alumina,  iron,  and  manganese, 
if  they  be  present,  may  be  separated  by  the  rules  laid 
down  in  the  next  Book. 

III.  To  ascertain  the  presence  of  the  different  nitrats. 
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The  nltrats  but  seldom  occur  in  waters  ;  when  they  do, 
tthey  may  be  detected  by  the  following  rules  : 

1 .  Alkah'ne  nitrats  may  be  detected  by  freeing  the 
twater  examined  from  sulphuric  acid  by  means  of  ace- 
ttite  of  bar}  tes,  and  from  muriatic  acid  by  acetite  of  sil- 
rver.  Evaporate  the  filtered  liquid,  and  treat  the  dry 
imass  with  alcohol ;  what  the  alcohol  leaves  can  consist 
conly  of  the  alkaline  nitrats  and  acetite  of  lime.  Dissolve 
lit  ill  water.  If  carbonat  of  magnesia  occasions  a  pre- 
ccipitate,  lime  is  present.  Separate  the  lime  by  means 
cof  carbonat  of  magnesia.  Filter  and  evaporate  to  dry- 
ness, and  treat  the  dried  mass  with  alcohol.  The  alco- 
hol now  leaves  only  the  alkaline  nitrats,  which  may  be 
eeaslly  recognised,  and  distinguished  by  their  respective 
properties. 

2.  Nitrat  of  lime.  To  detect  this  salt,  concentrate  z.  Calcare- 
ithe  water,  and  mix  it  with  alcohol  to  separate  the  sul- 
phats.  Filter  and  distil  off  the  alcohol;  then  separate 
the  muriatic  acid  by  acet  te  of  silver.  Filter,  evapo- 
rate to  dryness,  and  dissolve  the  residuum  in  alcohol. 
Evaporate  to  dryness,  and  dissolve  the  dry  mass  in  wa- 
iter.   If  this  last  solution  indicates  the  presence  of  lime 

by  the  usual  tests,  the  water  contained  nitrat  of  lime. 

3.  To  detect  nitrat  of  magnesia,  the  water  is  to  be  3.  Magnc- 
freed  from  sulphats  and  muria-  -  exactly  as  described 
in  the  last  paragraph.  The  liquid  thus  purified  is  to 
be  evaporated  to  dryness,  and  the  residuum  treated 
with  alcohol.  The  alcohol  solution  is  to  be  evaporated 
to  dryness,  and  the  dry  mass  dissolved  in  water.  To 
this"  solution  potass  is  to  be  added  as  long  as  any  preci- 
pitate appears  The  solution,  filtered,  and  again  evapo- 
rated to  dryness,  is  to  be  treated  with  alcohol.  If  it 
leaves  a  residuum  consisting  of  nitre  (the  only  residuum 
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which  it  can  leave),  the  water  contained  niirat  of  mag- 


nesia. 


Such  are  the  methods  by  which  the  presence  of  the 
different  saline  contents  of  waters  may  be  ascertained. 
The  labour  of  analysis  may  be  considerably  shortened,.:; 
by  observing  that  the  following  salts  are  incompatible.^ 
with  each  other,  and  cannot  exist  together  in  water  ex- 
cept in  very  minute  proportions  *. 


Salts. 
I.  Fixed  alkaline  sul 
phats  


Incompatible  with 
Nitrats  of  lime  and  magnesia, 
Muriats  of  lime  and  magnesia, 
f  Alkalies, 

2.  Sulphat  of  lime    <  Carbonat  of  magnesia, 

LMuriat  of  barytes. 
f  Alkalies, 


3.  Alum  ^ 


j  Muriat  of  barytes. 


4.  Sulphat  of  magne- 

nesia  

5.  Sulphat  of  iron 

6.  Muriat  of  barytes 

7.  Muriat  of  lime 


Nitrat,  muriat,  carbonat  of  lime, 
Carbonat  of  magnesia, 
f  Alkalies, 
<  Muriat  of  barytes, 
I  Nitrat  and  muriat  of  lime, 
f  Alkalies, 
■\  Muriat  of  barytes. 
Earthy  carbonats. 
Sulphats, 

Alkaline  carbonats. 
Earthy  carbonats. 
Sulphats,  except  of  lime. 
Alkaline  carbonats, 
Carbonat  of  magnesia. 


[ 


II 


*  Sec  ICirwan  on  Mineral  fValert,  passim. 
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jMuriat  of  mngne-  f  Alkaline  carbonats, 

sia  L  Alkaline  sulpliats. 

f  Alkaline  carbonats, 
Nitrat  of  lime      <|  Garb,  of  magn.  and  alumina, 
I  Sulphats,  except  of  lime. 

Besides  the  substances  above  described,  there  is 
Kjmetimes  found  in  water  a  quantity  of  bitumen  com- 
iined  with  alkali,  and  in  the  state  of  soap.    In  svich 
mters  acids  occasion  a  coagulation  ;  and  the  coagulum 
oollected  on  a  filter  discovers  its  bituminous  nature  by 
s  combustibilitj. 

Water  also  sometimes  cont^Xns  extractive  /natte7' ;  the 
resence  of  which  may  be  detected  by  means  of  nitrat 
if  silver.  The  water  suspected  to  contain  it  must  be 
•:eed  from  sulphuric  and  nitric  acid  by  nieans  of  ni- 
•at  of  lead.  After  this,  if  it  gives  a  brown  precipitate 
i'ith  nitrat  of  silver,  we  may  conclude  that  extractive 
batter  is  present  *. 


SECT.  II. 

.'METHOD  OF  DETERMINING  THE  PROPORTION  OF  THE 

INGREDIENTS. 

HE  proportion  of  saline  ingredients,  held  in  solution 
any  water,  may  be  in  some  measure  estimated  from 
bs  specific  gravity.    The  lighter  a  water  is,  the  less  sa- 
le matter  does  it  contain  ;  and,  on  the  other  hand,  the 
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Formula  for 
finding  the 
saline  con- 
tents of 
water. 


heavier  it  is,  the  greater  is  the  proportion  of  saline  con- 
tents. Mr  Kirwan  has  pointed  out  a  very  ingenious 
method  of  estimating  the  saline  contents  of  a  mineral 
water  whose  specific  gravity  is  known ;  so  that  the  er« 
ror  does  not  exceed  one  or  two  parts  in  the  hundred. 
The  method  is  this  :  Subtract  the  specific  gravity  of 
pure  water  from  the  specific  gravity  of  the  mineral  wa- 
ter examined  (both  expressed  in  whole  numbers),  and 
multiply  the  remainder  by  1.4.  The  product  is  the 
saline  contents  in  a  quantity  of  the  water  denoted  by 
the  number  employed  to  indicate  the  specific  gravity  of 
distilled  water.  Thus  let  the  water  be  of  the  specific 
gravity  1.079,  or  in  whole  numbers  1079.  Then  the 
specific  gravity  of  distilled  water  will  be  loco.  And 
1079  — -  1000  X  1*4  =  1 10.6  —  saline  contents  in  1000 
parts  of  the  water  in  question  ;  and  consequently  11. c6 
in  100  parts  of  the  same  water  *.  This  formula  will 
often  be  of  considerable  use,  as  it  serves  as  a  kind  of 
standard  to  which  we  may  compare  our  analysis.  The 
saline  contents  indicated  by  it  are  supposed  to  be  freed 
from  their  water  of  crystallization  ;  in  which  state  on- 
ly they  ought  to  be  considered,  as  Mr  Kirwan  has  very 
properly  observed,  when  we  speak  of  the  saline  con- 
tents of  a  mineral  water. 

Having  by  this  formula;  ascertained  pretty  nearly  the 
proportion  of  saline  contents  in  the  water  examined, 
and  having  by  the  tests  described  in  the  last  Section  de- 
termined the  particular  substances  which  exist  in  it,  let 
us  now  proceed  to  ascertain  the  proportion  of  each  of 
these  ingredients. 


*  Kirwan  on  Mineral  W atert,  p.  14J. 
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'1.  The  different  aerial  fluids  ought  to  be  first  sepa-    Ch^p.  iv.^ 

ted  and  estimated.    For  this  purpose  a  retort  ought 

be  filled  two-thirds  with  the  water,  and  connected 

th  a  jar  full  of  mercurj,  standing  over  a  mercurial 

ough.    Let  the  water  be  made  to  boil  for  a  quarter  To  estimate 
T^i  •  1  n    -J       -1  •         1      the  gaseous 

anhoiir.    1  he  aerial  fluids  will  pass  over  into  the  bodies. 

. .  When  the  apparatus  is  cool,  the  quantity  of  air 
;pelled  from  the  water  may  be  determined  either  by 
imging  the  mercury  within  and  without  the  jar  to  a 
rel ;  or  if  that  cannot  be  done,  by  reducing  the  air  to 

proper  density  by  the  formulas  given  in  the  first  ^ 
■apter  of  the  last  Book.  The  air  of  the  retort  ought 
Lbe  carefully  subtracted,  and  the  jar  must  be  divided 
(O  cubic  inches  and  tenths.  *■ 
jThe  only  gaseous  bodies  contained  in  water  are  com- 
'in  air,  oxygen  gls,  at.otic  gas,  carbonic  acid,  sulphu- 
red hydrogen  gas,  and  sulphurous  acid.  The  last 
:o  never  exist  in  water  together.  The  presence  of 
hher  of  them  must  be  ascertained  previously  by  the 
}Dlication  of  the  proper  tests.  If  sulphurated  hydrogeii 
ii  be  present,  it  will  be  mixed  with  the  air  contained 
tthe  glass  jar,  and  must  be  separated  before  that  air  be 
lamined.  For  this  purpose,  the  jar  must  be  carried 
CD  a  tub  of  warm  water,  and  nitric  acid  introduced^ 
iich  will  absorb  the  sulphurated  hydrogen.  The  re- 
uUum  is  then  to  be  again  put  into  a  mercurial  jar  and 
iimined. 

i!f  the  water  contain  sulphurous  acid,  this  previous 
IP  is  not  necessary.  Introduce  into  the  air  a  solution 

inre  potass,  and  agitate  the  whole  gently.  The  car- 
uic  acid  and  sulphurous  acid  gas  will  be  absorbed. 

Heave  the  other  gases.  Estimate  the  bulk  of  this 
idduum;  this,  subtracted  from  the  bulk  of  the  whole, 
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win  give  the  bulk  of  the  carbonic  acid  and  sulphurous 
acids  absorbcxl. 

Evaporate  the  potass  slowly  nearly  to  dryness,  and 
leave  it  exposed  to  the  atmosphere.  Sulphat  of  potass 
will  be  formed,  which  may  be  separated  by  dissohin^f^ 
the  carbonat  of  potass  by  means  of  diluted  muriatic  acid 
and  filtering  the  solution.  loo  grains  of  sulphat  of  pot:; 
indicate  30  grains  of  sulphurous  acid,  or  42.72  cubic 
inches  of  that  acid  in  the  state  of  gas.  The  bulk  of 
sulphurous  acid  gas  ascertained  by  this  method,  sub- 
tracted from  the  bulk  of  the  gas  absorbed  by  the  potass, 
gives  the  bulk  of  the  carbonic  acid  gas.  Now  100  cubic 
inches  of  carbonic  acid,  at  the  temperature  of  60°  and 
barometer  30  inches,  weigh  46.393  grains.  Hence  it  i» 
easy  to  ascertain  its  weight.  ^ 

The  air  which  remains  after  the  separation  of  the 
carbonic  acid  gas  is  to  be  examined  by  the  difterent 
eudiometrical  methods  described  in  the  last  Book. 

When  a  water  contains  sulphurated  hydrogen  gas, 
the  bulk  of  this  gas  is  to  be  ascertained  in  the  following 
manner  :  Fill  three-fourths  of  a  jar  with  the  water  to 
be.  examined,  and  invert  it  in  a  water  trough,  and  in- 
troduce  a  little  nitrous  gas.  This  gas,  mixing  with  the 
air  in  the  upper  part  of  the  jar,  will  form  nitrous  acid, 
which  will  render  the  water  turbid,  by  decomposing 
the  sulphurated  hydrogen  and  precipitating  sulphur. 
Continue  to  add  nitrous  gas  at  intervals  as  long  as  red 
fumes  appear,  then  turn  up  the  jar  and  blow  out  the 
air.  If  the  hepatic  smell  continues,  repeat  this  process. 
The  sulphur  precipitated  n  licates  the  proportion  of  he» 
patic  gas  in  the  water  ;  one  grain  of  sulphur  indicating' 
the  presence  of  3.33  cubic  inches  of  that  gas. 

II.  After  having  estimated  the  gaseous  bodies,  the 
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.'xt  Step  is  to  ascertain  the  proportions  of  the  earthy    Chap,  iv.^ 

irbonats.    For  this  purpose  it  is  necessary  to  deprive  Toestimate 
.e  water  of  its  sulphurated  hydrogen,  if  it  contains  carbonauf 
iiy.    This  may  be  done,  either  by  exposing  it  to  the 
rr  for  a  considerable  time,  or  by  treating  it  with  H- 
,iarge.  A  sufficient  quantity  of  the  water  thus  purified 
['  necessary)  is  to  be  boiled  for  a  quarter  of  an  hour 

d  filtered  when  cool.    The  earthy  carbonats  remain 

the  filter. 

'The  precipitate  thus  obtained  may  be  carbonat  of, 
me,  of  magnesia,  of  iron,  of  alumina;  or  even  sulphat 
lime.    Let  us  suppose  all  of  these  substances  to  be 
esent  together.    Treat  the  mixture  with  diluted  mu- 
latic  acid,  which  will  dissolve  the  whole  except  the 
araina  and  sulphat  of  lime.    Dry  this  residuum  in  a 
:i  heat,  and  note  the  weight.  Then  boil  it  in  carbonat 
isoda:  saturate  the  soda  with  muriatic  acid,  and  boil 
mixture  for  half  an  hour.   Carbonat  of  lime  and 
umina  precipitate.    Dry  this  precipitate,  and  treat  it 
tth  acetous  acid.    The  lime  will  be  dissolved  and  the 
umina  will  remain.    Dry  it  and  weigh  it.   Its  weight 
Ibbtracted  from  the  original  weight  gives  the  propor- 
'n  of  sulphat  of  lime. 

'The  muriatic  solution  contains  lime,  magnesia,  and  «> 
m.  Add  ammonia  as  long  as  a  reddish  precipitate  f 
wears.  The  iron  and  part  of  the  magnesia  are  thus 
'jarated.  Dry  the  precipitate,-  and  expose  it  to  the 
for  some  time  in  a  heat  of  200"  ;  then  treat  it  with 
r;tous  acid  to  dissolve  the  magnesia,  which  solution  is 
be  added  to  the  muriatic  solution.  The  iron  is  to 
iredissolved  in  muriatic  acid,  precipitated  by  an  alka- 
ce  carbonat  dried  and  weighed. 

^Add  sulphuric  acid  to  the  muriatic  solution  as  long 
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,  as  any  precipitate  appears,  then  lieat  tlie  solution  aii;l 
concentrate.    Heat  the  sulphat  of  lime  thus  obtained 
to  redness,  and  weigh  it.    loo  grains  of  it  are  equiva- 
lent to  70  of  carbonat  of  lime  dried.    Precipitate  the 
magnesia  by  means  of  carbonat  of  soda.    Dry  it  and, 
weigh  it.    But  as  part  remains  in  solution,  evaporate 
to  dryness,  and  wasli  the  residuum  with  a  sufficient 
quantity  of  distilled  water  to  dissolve  the  muriat  of  soda- 
and  the  sulphat  of  lime,  if  any  be  still  present.  AVhat 
remains  behind  is  carbonat  of  magnesia.   "Weigh  if,  and 
add  its  weight  to  the  former.    The  sulphat  of  lime,  if 
any,  must  also  be  separated  and  weighed. 
Estimation  -^^^      ""^^  Consider  the  method  of  ascertaining 

of  the  mi-     jj^e  proportion  of  mineral  acids  or  alkalies,  if  any  b 
ncral  acids,  ^  ,  ^  _ 

present  uncombined.    The  acids  which  may  be  presen 
(omitting  the  gaseous)  are  the  sulphuric,  muriatic,  and 
boraclc. 

1.  The  proportion  of  sulphuric  acid  is  easily  deterwi 
mined.    Saturate  it  with  barytic  water,  and  ignite  thc^B 
precipitate.    100  grains  of  sulphat  of  barytes  thus 
formed  indicate  23.5  of  real  sulphuric  acid. 

2.  Saturate  the  muriatic  acid  with  barytic  water,  and 
then  precipitate  the  barytes  by  sulphuric  acid.  lop  parts 
of  the  Ignited  precipitate  are  equivalent  to  21  grains  of 

^  real  muriatic  acid. 

3.  Precipitate  the  boraclc  acid  by  means  of  acetlte  of 
lead.  Decompose  the  borat  of  lead  by  boiling  it  in  sul- 
phuric acid.  Evaporate  to  dryness.  Dissolve  the  bo- 
raclc acid  in  alcohol,  and  evaporate  the  solution;  the 
acid  left  behind  may  be  weighed. 

And  alka-  ^0  estimate  the  proportion  of  alkaline  carbonat 

line  caibo-  ...  .        •  i  i 

nats.  present  m  a  water  contammg  it,  saturate  it  with  suU 

phuric  acid,  and  note  the  weight  of  real  acid  necessary. 
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sOw  100  grains  of  real  sulphuric  acid  saturate  121.48    Chap,  iv.^ 
i  otass,  aud  78.32  soda. 

IV.  Let  us  now  consider  the  method  of  ascertaining  Te  estimate 
■ic  proportion  of  the  diflPerent  sulphats.    These  are  six  ^"'P^'^''- 
;i  number  ;  the  alkaline  sulphats,  and  those  of  lime, 
lumina,  magnesia,  and  iron. 

1.  The  alkaline  slilphats  may  be  estimated  by  preci-  i.  Alkaline, 
; rating  their  acid  by  means  of  nitrat  of  barytes,  having 

eviously  freed  the  water  of  all  other  sulphats.  For 
70  grains  of  ignited  sulphat  of  barytes  indicate  too 
;ains  of  dried  sulphat  of  soda;  while  136.36  grains 

.  i^t  sulphat  of  barytes  indicate  loo  of  dry  sulphat  of 

■tpotass. 

2.  Sulphat  of  lime  is  easily  estimated  by  evaporating  ^y^^^*^^"-^* 
;the  liquid  containing  it  to  a  few  ounces  (having  pre- 
viously saturated  the  earthy  carbonats  with  nitric  acid), 
and  precipitating  the  sulphat  of  lime  by  means  of 
rweak  alcohol.    It  may  be  then  dried  and  weighed. 

3.  The  quantity  of  alum  may  be  estimated  by  preci-  3- Alumm- 
jpitating  the  alumina  by  carbonat  of  lime  or  of  magnesia 

(if  no  lime  be  present  in  the  liquid).  Twelve  grains  of 
;the  alumina  heated  to  incandescence  indicate  ico  of 
icrystailized  alum,  or  49  of  the  dried  salt. 

4.  Sulphat  of  magnesia  may  be  estimated,  provided  4  Magne- 
jno  other  sulphat;  be  present,  by  precipitating  the  acid 

by  means  of  a  barytic  salt,  as  100  parts  of  ignited  sul- 
phat of  barytes  indiqate  52.11  of  sulphat  of  magnesia. 
If  sulphat  of  lime,  and  no  other  sulphat  accompany  it, 
this  last  may  be  decomposed,  and  the  lime  precipitated 
by  carbonat  of  magnesia.  The  weight  of  the  lime  thus 
obtained  enables  to  ascertain  the  quantity  of  sulphat  of 
lime  contained  in  tlie  water.  The  whole  sulphuric 
acid  is  then  to  be  precipitated  by  barytes.    This  gives 

Cc  4 
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,  J^oolt  11.^  t]^e  quantity  of  sulphuric  acid ;  and  subtracting  the  por- 
tion which  belongs  to  the  sulphat  of  lime,  there  re- 
mains that  which  ,was  combined  with  the  magnesia, 
from  wliich  the  sulphat  of  magnesia  may  be  easily 
estimated. 

]f  sulphat  of  soda  be  present,  no  earthy  nitrat  or  mu- 
riat  can  exist.  Therefore,  if  no  other  earthy  sulphat 
be  present,  the  magnesia  may  be  precipitated  by  s o 
dried,  and  weighed  ;  36.68  grains  of  which  indicate 
100  grains  of  dried  sulphat  of  magnesia.  The  same 
process  succeeds  when  sulpat  of  lime  accompanies  these 
two  sulphats  ;  only  in  that  case  the  precipitate,  which 
consists  both  of  lime  and  magnesia,  is  to  be  dissolved 
in  sulphuric  acid,  evaporated  to  dryness,  and  treated 
with  twice  its  weight  of  cold  water,  which  dissolves  the 
sulphat  of  magnesia,  and  leaves  the  other  salt.  Let  the 
sulphat  of  magnesia  be  evaporated  to  dryness,  exposed 
to  a  heat  of  400'"',  and  weighed.  The  same  process 
succeeds  if  alum  be  present  instead  of  sulphat  of 
lime.  The  precipitate  in  that  case,  previously  dried, 
is  to  be  treated  with  acetous  acid,  which  dissolves  the 
magnesia,  and  leaves  the  alumina.  The  magnesia  may 
be  again  precipitated,  dried,  and  weighed.  If  sulphat 
of  iron  be  present,  it  may  be  separated  by  exposing  the 
water  to  the  air  for  some  days,  and  mixing  with  it  a 
portion  of  alumina.  Both  the  oxide  ot  iron  and  the 
sulphat  of  alumina,  thus  formed,  precipitate  in  the  state 
of  an  insoluble  powder.  The  sulphat  of  magnesia  may 
then  be  e:,timated  by  the  rules  above  explained. 
5  Of  iron  5'  Sulphat  of  iron  may  be  estimated  by  precipitaling 
the  iron  b)'  means  of  prussic  alkali,  linving  previously 
determined  the  weight  of  the  precipitate  produced  by 
the  prussiat  in  a  soluti^on  of  a  given  weight  cf  sulphat 
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.f  iron  in  water.    If  muriat  of  iron  be  also  present^    Chap.  IV. 
I'hich  is  a  very  rare  case,  it  may  be  separated,  by  eva- 
lorating  the  water  to  dryness,  treating  the  residuum 
/ith  alcohol,  which  dissolves  the  muriat,  and  leaves 
Ihe  sulphat.    Or  the  sulphat  may  be  estimated  with 
cat  precision  by  the  rules  laid  down  by  Mr  Kirwan*. 
V.  Let  us  now  consider  the  method  of  estimating  the  Eetimatlran 
uantity  of  the  diiTi-rent  muriats  v/hich  may  exist  in  of  munatjs, 
'aters.  ^ 

If  muriat  of  potass  or  of  soda,  without  any  other  i.  AlkaliEr, 
jalt,  exist  in  water,  we  have  only  to  decompose  them 
y  nitrat  of  silver,  and  dry  the  precipitate;  for  217.65 
;f  muriat  of  silver  indicate  100  of  muriat  of  potass, 
ind  2^5  of  muriat  of  silv6r  indicate  100  of  common 
lit. 

The  same  process  is  to  be  followed  if  the  alkaline 
"arbonats  be  present ;  only  these  carboi  ats  must  be 
:reviously  saturated  with  sulpliuric  acid  ;  and  we  mu5t 
■recipitate  the  muriatic  acid/  by  pieans  of  sulphat  of 
ilver  instead  of  nitrat.  The  presence  of  sulphat  of 
uda  docs  not  injure  the  success  of  this  process. 

If  muriat  of  ammonia  accompany  either  of  tJie  fixed 
ikalinr  sulphats  without  the  presence  of  anv  other  salt, 
ecompose  the  sal  ammoniac  by  barytic  water,  expel 
vie  ammonia  by  boiling,  precipitate  the  barytcs  by  di- 
•  ited  sulphuric  acid,  saturate  the  muriatic  acid  with 
Dda.    The  sulphat  of  barytes  thns  precipitated  indi- 
ates  the  quantity  of  muriat  of  ammonia  ;  j  00  grains 
if  sulphur  indicating  49.09  grains  of  that  salt.    If  snl- 
ihats  be  present  in  the  solution,  they  ought  to  be  pre- 
iously  separated. 


*  On  Alincral  IVaien,  p.  330. 
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Book  IT.  ^  If  common  salt  be  accompanied  by  muriat  of  lime, 
a.  Earthy,  muriat  of  magnesia,  muriat  of  alumina,  or  muriat  of 
iron,  or  by  all  of  these  together  without  any  other  salts, 
the  earths  may  be  precipitated  by  barytic  water,  and 
redissolved  in  muriatic  acid.  They  are  then  to  be  se- 
parated from  each  other  by  the  rules  formerly  laid 
down  ;  and  their  weight  being  determined  indicates  the 
quantity  of  every  particular  earthy  inuriat  comtained 
in  the  water.  For  50  grains  of  lime  indicate  ico  of 
dried  muriat  of  lime ;  30  grains  of  magnesia  indicate 
100  of  the  muriat  of  that  earth  ;  and  21.8  grains  of 
alumina  indicate  100  of  the  muriat  of  alumina.  The 
barytes  is  to  be  separated  from  the  solution  by  sulphu- 
ric acid,  and  the  muriatic  acid  expelled  by  heat,  or  sa- 
turated  with  soda  ;  the  common  salt  may  then  be  as- 
certained by,  evaporation,  subtracting  in  the  last  c?se 
the  proportion  of  common  salt  indicated  by  the  known 
quantity  of  muriatic  acid  from  which  the  earths  had 
been  separated. 

When  sulphats  and  muriats  exist  tqgether,  they 
ought  to  be  separated  either  by  precipitating  the  sul- 
phats by  means  of  alcohol,  or  by  evaporating  the  whole 
to  dryness,  and  dissolving  the  earthy  muriats  in  a'cohol. 
The  salts  thus  separated  may  be  estimated  by  the  rules 
already  laid  down. 

When  alkaline  and  earthy  muriats  and  sulphat  of 
lime  occur  together,  this  last  salt  is  to  be  deconiposed  J. 
by  means  of  muriat  of  barytes.  The  precipitate  as-  J 
certains  the  weight  of  sulphat  of  lime  contained  in  the 
water.  The  estimation  is  then  to  be  conducted  as  wlien 
nothing  but  muriats  are  present  ;  only  from  the  muriat 
of  lime  that  proportion  of  muriat  must  be  deducted 
•which  is  known  to  have  been  formed  by  the  infusion 
of  the  muriat  of  barytes. 


Waters. 


When  muriats  of  soda,  magnesia,  and  alumina,  are  Chap.  IV. ^ 
present  together  with  su]phats  of  lime  and  magnesia, 
the  water  to  be  examined  ought  to  be  divided  into  two 
equal  portions.  To  the  one  portion  add  carbonat  of 
magnesia  till  the  whole  of  the  lime  and  alumina  be  pre- 
cipitated. Ascertain  the  quantity  of  lime  which  gives 
the  proportion  of  sulphat  of  lime.  Precipitate  the  sul- 
phuric acid  by  rauriat  of  barytes.  This  gives  the  quan- 
tity contained  in  the  sulphat  of  magnesia  and  sulphat 
of  lime  ;  subtracting  this  last  portion,  we  have  the 
quantity  of  sulphat  of  magnesia. 

From  the  second  portion  of  water  precipitate  all  the 
magnesia  and  alumina  by  means  of  lime-water.  The 
weight  of  these  earths  enables  us  to  ascertain  the  weight 
of  muriat  of  magnesia  and  of  alumina  contained  in  the 
water,  subtracting  that  part  of  the  magnesia  which 
existed  in  the  state  of  sulphat,  as  indicated  by  the  exa- 
mination of  the  first  portion  of  water.  After  this  es- 
timation precipitate  the  sulphuric  acid  by  barytic  acid, 
and  the  lime  by  carbonic  acid.  The  liquid  evaporated 
.to  dryness  leaves  the  common  salt. 

Vf.  It  now  only  remains  to  explain  the  method  of  Estiinatica 

.  .  .  ofnitratE. 

ascertaining  the  proportion  of  the  nitrats  which  may 
exist  in  waters. 

I.  When  nitre  accompanies  sulphats  and  muriats  ^-^^^^^^ 
without  any  other  nitrat,  the  sulphats  are  to  be  decom- 
posed by  acetite  of  barytes,  and  the  muriats  by  acetite 
'  of  silver.  The  water,  after  filtration,  is  to  be  evapora- 
ted to  dryness,  and  the  residuum  treated  with  alcohol, 
which  dissolves  the  acetites,  and  leaves  the  nitre  ;  the 
quantity  of  which  may  be  easily  estimated.  If  an  al- 
kali be  present,  it  ought  to  be  previously  saturated  with 
sulphuric  or  muriatic  acid. 
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Book  II.  2.  If  nitre,  common  salt,  nitrat  of  lime,  and  muriat 
a,  Earthy,  of  lime  or  of  magnesia,  be  present  together,  the  water 
ought  to  be  evaporated  to  dryness,  and  the  dry  mass 
treated  wich  alcohol,  which  takes  up  the  earthy  salts. 
From  the  residuum,  redissolved  in  water,  the  nitre  may 
be  separated,  and  estimated  as  in  the  last  case.  The 
alcohol  solution  is  to  be  evaporated  to  dryness,  and  the 
residuum  redissolved  in  water.  Let  us  suppose  it  to 
contain  muriat  of  magnesia,  nitrat  of  lime,  and  muriat 
of  lime.  Precipitate  the  muriatic  acid  by  nitrat  of  sil- 
ver, which  gives  the  proportion  of  muriat  of  magnesia 
and  of  lime.  Separate  the  magnesia  by  means  of  carbo- 
nat  of  lime,  and  note  its  quantity.  This  gives  us  the 
quantity  of  muriat  of  magnesia.  And  subtracting  the 
muriatic  acid  contained  in  that  salt  from  the  whole  a- 
cid  indicated  by  the  precipitate  of  silver,  we  have  the 
proportion  of  muriat  of  lime.  Lastly,  saturate  the  lime 
added  to  precipitate  the  magnesia  with  nitric  acid.  Then 
precipitate  the  whole  of  the  lime  by  sulphuric  acid; 
and  subtracting  from  the  whole  of  the  sulphat  thus 
formed  that  portion  formed  by  the  carbonat  of  lime 
added,  and  by  the  lime  contained  in  the  muriat,  the  re- 
siduum gives  us  the  lime  contained  in  the  original  ni- 
trat ;  and  35  grains  of  lime  form  loo  of  dry  nitrat  of 
lime. 
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MINERALS. 


All  the  solid  materials  of  which  this  globe  of  ours  is  Book  III. 
composed  have  received  the  name  of  minerah  ;  and  *  ' 
that  branch  of  chemistry  which  treats  of  them  is  distin- 
guished by  the  title  of  Mineralogy.  These  substan- 
ces without  doubt  must  have  at  all  times  attracted  the 
attention  of  mankind  ;  because  from  them  alone  are 
drawn  the  metals,  stones,  and  other  similar  substances, 
of  indispensable  use.  But  it  is  only  very  lately  that 
the  method  of  ascertaining  the  component  pai  ts  of  these 
substances  was  discovered,  or  that  it  was  possible  to 
describe  th^m  so  as  to  be  intelligible  tp  others.  From 
the  ancients  no  information  of  any  consequence  on  these 
topics  is  to  be  expected.  The  whole  science  of  mine- 
ralogy has  been  created  since  the  year  1770,  and  is  at 
present  advancing  towards  perfection  with  astonishing 
rapidity.  New  minerals  are  every  day  described  and 
analysed,  collections  are  everywhere  forming,  and  tra- 
vels of  discovery  are  succeeding  each  other  without  in- 
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termission.  Tlie  fruit  of  these  labours  has  been  the 
discovery  of  no  less  than  six  new  earths  and  eight  new 
metals  ;  besides  a  vast  number  of  useful  minerals  which 
had  been  formerly  unknown  or  disregarded. 

The  science  of  mineralogy  includes  under  it  three 
different  topics  :  i.  The  method  oi  deicribing  minerals 
with  so  much  accuracy  and  precision,  that  they  may  be 
easily  distinguished  from  each  other.  %.  A  systematic 
arrangement  of  minerals.  3.  The  art  of  analysing  mi- 
nerals. These  three  topics  shall  form  the  subject  of 
the  three  following  Chapters. 


CHAP.  I. 

OF  THE  DESCRIPTION  OF  iMlNERALS. 


JNoTHiNG,  at  first  sight,  appears  easier  than  to  de- 
scribe a  mineral,  and  yet,  in  reality,  it  is  attended  with 
a  great  deal  of  difficulty.  The  mineralogical  descrip- 
tions of  the  ancients  are  so  loose  and  inaccurate,  that 
many  of  the  minerals  to  which  they  allude  cannot  be 
ascertained  ;  and  consequently  their  observations,  how- 
ever valuable  in  themselves,  are  often,  as  far  as  respects 
us,  altogether  lost.  It  is  obvious,  that  to  distinguish  a  ^ 
mineral  from  every  other,  we  must  either  mention  some  %^ 
peculiar  property,  or  a  collection  of  properties,  which 
exist  together  in  no  other  mineral.  These  properties 
must  be  described  in  terms  rigidly  accurate,  which  con- 
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.  y  precise  ideas  of  the  very  properties  intended,  and  of  ^  Chap.  I.  ^ 
iio  other  properties.    The  smallest  deviation  from  this 
vwould  lead,  to  confusion  and  uncertainty.    Now  it  is 
impossible  to  describe  minerals  in  this  manner,  unless 
[there  be  a  peculiar  term  for  each  of  their  properties, 
iand  unless  this  term  be  completely  understood.  Minera- 
liogy  therefore  must  have  a  language  of  its  own  •,  that  is 
rto  say,  it  must  have  a  term  to  denote  every  mineralogi- 
ccal  property,  and  each  of  these  terms  must  be  accurately 
.defined,     ihe  language  of  mineralogy  was  invented  by 
tthe  celebrated  Werner  of  Freyberg,  and  first  ipade 
Ucnown  to  the  world  by  the  publication  of  his  treatise 
con  the  external  characters  of  minerals.  Of  this  language 
tthe  following  general  description  of  the  properties  of 
rminerals  will  convey  an  idea*. 

The  properties  of  minerals  may  be  divided  into  two  Properties 
cclasses.  1.  Properties  discoverable  without  destroying 
ithe  texture  of  the  mineral ;  1.  Properties  resulting  from 
tthe  action  of  other  bodies  on  it.  The  first  class  has, 
Lby  Werner  and  his  disciples,  been  called  external  pro- 
fperties,  and  by  some  French  writers  physical ;  the  se- 
ccond  class  has  been  called  chemical. 

The  external  properties  may  be  arranged  under  the 
ffollowing  heads  : 

8.  Ductility. 

9,  Fracture. 

10.  Texture. 

1 1.  Structure. 

12.  Fragments. 

13.  Feel. 


II.  Figure. 
:a.  Surface. 
^3.  Transparency. 
44.  Colour. 
:5.  Scratch. 
t;6.  Lustre. 
^7.  Hardness. 


14.  Sound. 

15.  Smell. 

16.  Taste. 

17.  Gravity. 

18.  Magnetism. 

19.  Electricity. 


•  The  fullest  account  of  Werner's  external  characters  which  I  have 
M«en  in  the  English  language,  has  been  given  by  Dx  I'ownsoa  in  his 
IFb'ileiophy  of  Minralogy, 
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''^l^  I.  By  FIGURE  is  meant  the  shape  or  form  which  a 
i'igure.  mineral  is  observed  to  have.  The  figure  of  minerals  is 
tithtr  regular,  particularj  ox  uniorphons.  i.  Minerals 
which  assume  a  regular  figure  are  said  to  be  crystal- 
lized. The  sides  of  a  crystal  are  called  faces ;  the 
sharp  line  formed  by  the  inclination  of  two  faces  is 
called  an  edge ;  and  the  corner,  or  angle,  formed  by  the 
meeting  of  several  edges  in  one  point,  is  called  a  solid 
angky  or  simply  an. angle.  Thus  a  cube  has  six  faces, 
twelve  edges,  and  eight  angles.  2.  Some  minerals, 
though  not  crystallized,  affect  a  particular  figure.  These 
particular  figures  are  the  following  :  Globular,  like  a 
globe;  oval,  like  an  oblong  spheroid;  ovate,  like  an 
egg ;  cheese-shaped^  a  very  flattened  sphere  ;  almond- 
shaped,  like  an  almond  ;  lenticular,  like  a  double  convex 
lense,  compressed  and  gradually  thinner  towards  the 
edges  ;  cuneiform,  like  a-  wedge  ;  nodulous,  having  de- 
pressions and  protuberances  like  a  potatoe ;  botryoidal, 
like  grapes  closely  pressed  together ;  dentiform,  longish 
and  tortuous,  and  thicker  at  the  bottom  than  the  top ; 
wireform,  like  a  wire ;  capillary,  like  hair,  finer  than 
the  preceding;  retiform,  threads  interwoven  like  a  net; 
dendritic,  like  a  tree,  having  branches  issuing  from  a 
common  stem ;  shrubform,  branches  not  arising  from  a 
common  stem  ;  coraloidal,  branched  like  coral ;  stalacti- 
tical,  like  isicles;  clavated,  like  a  club,  long,  and  thicker 
at  one  end  than  another;  fasciform,  long  straight  cylin- 
drical bodies,  united  like  a  bundle  of  rods  ;  tubular,  cy- 
lindrical and  hollow.  3.  When  minerals  have  neither 
a  regular  nor  particular  shape,  they  are  said  to  be  amor' 
phous. 

Surface,  -^7  SURFACE  is  meant  the  appearance  of  the  ex- 

ternal surface  of  minerals.  The  surface  is  eitlier  uneven^ 
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•mposerl  of  small  unequal  elevations  and  depressions  ;  jChap.l, 
ibrousy  having  very  small  sharp  and  rough  elevations, 
easily  felt  than  seen;  drusy,  covered  with  very 
;nute  crystals;  roughy  composed  of  very  minute  hlunt 
•vations,  easily  distinguishable  by  the  feel;  scaly y  com- 
:3ed  of  very  minute  thin  scale-like  leaves;  smooth^  free 
H'm  ail  inequality  or  roughness ;  specular^  having  a 
:ooth  polished  surface  like  a  mirror  ;  or  streaked^  ha- 
ijg  elevated,  straight,  and  parallel  lines.  This  last  cha- 
r.ter  is  confined  to  the  surface  of  crystals.  The  streaks 
.'.  e\\l\ct  transverse  ;  longitudinal ;  alternate^  in  difFe- 
lit  directions  on  different  faces;  plumose,  running  from 
middle  rib  ;  or  decussated^  crossing  each  other, 
nil.  By  TRANSPARENCY  is  meant  the  proportion  of  Transpa- 
ht  vi'hich  minerals  are  capable  of  transmitting.  They  ^ 

transpai-ent  or  pellucid  when  objects  can  be  seen 
ttinctly  through  them  ;  diaphanous^  when  objects  are 
rn  through  them  indistinctly  ;  suhdiaphanous,  when 
bht  passes  but  in  so  small  a  quantity  that  objects  can- 
tt  be  seen  through  them*  ;  opaque ^  when  no  light  is 
rnsmitted. 

When  opaque  minerals  become  transparent  In  water, 
:ty  are  called  hydrophanous.  When  objects  are  seen 
Ujble  through  a  transparent  mineral,  it  is  said  to  refract 
uhly. 

IIV.  The  colours  of  minerals  may  be  reduced  to  eight  Colours 
jsses. 


•  According  to  Mr  Kir>van's  method,  I  have  denoted  these  three  de- 
tfes  of  transparency  hy  the  figures  4,  3,2.  When  a  mineral  is  subdia- 
mnous  only  at  the  edges,  that  is  denoted  by  the  figure  i.  Opacity  is 
Mtimes  denoted  by  o. 
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1.  Whites. 
Snow  white.    Pure  v/Iiite. 

Reddish  white.    White  with  a  liglit  tint  of  red. 
Yellowish  white.     White  with  a  light  tint  of  yellow. 
Silver  white.  Yellowish  white  with  a  metallic  lustre. 
Grej'ish  white.    White  with  a  light  tint  of  black. 
Greenish  white.    White  with  a  light  tint  of  green. 
Milk  white.    White  with  a  light  tint  of  blue. 
Tin  white.    Milk  white  of  a  metallic  lustre. 

2.  Greys. 
Bluish  grey.    Grey  with  a  little  blue. 

Lead  grey.    Bluish  grey  with  a  metallic  lustre. 
Pearl  grey.    Light  grey  with  a  slight  mixture  of  vio- 
let blue. 

Smoke  grey.  Dark  grey  with  a  little  blue  and 
brown. 

Greenish  grey.    Light  grey  tinged  with  green. 
Yellowish  grey.    A  liglit  grey  tinged  with  yellow. 
Steel  grey.    A  dark  grey  with  a  light  tint  of  yellow 
and  a  metallic  lustre. 

Black  grey.    The  darkest  grey  with  a  tint  of  yellow. 

3.  Blacks. 

Greyish  black.    Black  with  a  little  white. 
Brownish  black.    Black  with  a  tint  of  brown. 
Black.    Pure  black. 

Iron  black.  Pure  black  with  a  small  mixture  of 
white  ^nd  a  metallic  lustre.. 

Bluish  black.    Black  with  a  tint  of  blue. 

4.  Blues. 

Indigo  blue.    A  dark  blackish  blue. 

Prussian  blue.    The  purest  blue. 

Azure  blue.   A  bright  blue  with  scarce  a  tint  of  red. 
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Smalt  blue.    A  light  blue. 

Violet  blue.    A  mixture  of  azure  blue  and  carmine. 
ILavender  blue.    Violet  blue  mixed  with  grey. 
;:Sky  blue.    A  light  blue  with  a  slight  tint  of  green. 

5.  Greens. 

""Verdigris  green.    A  bright  green  of  a  bluish  cast. 
iSeagreen.    A  very  light  green,  a  mixture  of  verdi- 
;is  green  and  grey. 

IBeryl  green.  The  preceding,  but  of  a  yellowish  cast. 
lEmerald  green.    Pure  green. 
(Grass  green.    Pure  green  with  a  tint  of  yellow. 
-Apple  green.    A  light  green  formed  of  verdigris 
sen  and  white. 

Leek  green.  A  very  dark  green  with  a  cast  of 
own. 

IBlackish  green.  The  darkest  green,  a  mixture  of 
,:k  green  and  black. 

IPistachio  green.  Grass  green,  yellow  and  a  little; 
[)Dwn. 

(Olive  green.  A  pale  yellowish  green  with  a  tint  of 
oown. 

.Asparagus  green.  The  lightest  green,  yellowish  with 
little  brown  and  grey. 

6.  Yellows. 
.'Sulphur  yellow.    A  light  greenish  yellow. 

3rass  yellow.  The  preceding,  with  a  little  less  green 

id  a  metallic  lustre. 

JLemon  yellow.    Pure  yellow. 

•  Gold  yellow.   The  preceding  with  a  metallic  lustre. 
/Honey  yellow.    A  deep  yellow  with  a  little  reddish 
oown. 

^Wax  yellow.    The  preceding,  but  deeper. 
IPyritaceous.    A  pale  yellow  with  grey. 
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.-'^""1'  'j^.  Straw  yellow.  A  pale  yellow,  a  mixture  of  sulphur 
yellow  and  reddish  grey. 

Wine  yellow.    A  paJe  yellow  with  a  tint  of  red. 

Ochre  yellow.  Darker  then  the  preceding,  a  mix. 
ture  of  lemon  yellow  with  a  little  brown. 

Isabella  yellow.  A  pale  brownish  yellow,  a  mixture 
of  pale  orange  with  reddish  brown. 

O  r,inge  yellow.  A  bright  reddish  yellow,  formed  of 
lemon  yellow  and  red. 

7.  Reds. 

Aurora  red.  A  bright  yellow  red,  a  mixture  of  scar- 
let and  le'mon  yellow. 

Hyacinth  red.  A  high  red  like  the  preceding,  but 
with  a  shade  of  brown. 

Brick  red.    Lighter  than  the  preceding,  a  mixture  of  j 
aurora  red  and  a  little  brown. 

Scarlet  red.    A  bright  and  high  red  with  scarce  a  || 
tint  of  yello^v. 

Copper  red.    A  light  yellowish  red  with  the  metsJ^  » 
lie  lustre. 

Blood  red.  A  deep  red,  a  mixture  of  crimson  and 
scarlet. 

Carmine  red.  Pure  red  verging  towards  a  cast  of 
blue. 

Cochineal  red.  A  deep  red  ;  a  mixture  of  carmine 
with  a  little  blue  and  a  very  little  grey. 

Crimson  red.    A  deep  red  with  a  tint  of  blue. 

Flesh  red.    A  very  pale  red  of  the  crimson  kind,  "jl^' 

Rose  red.    A  pale  red  of  the  cochineal  kind. 

Peach  blossom  red.  A  very  pale  whitish  red  of  the 
crimson  kind. 

Mordore.  A  dark  dirty  crimson  red  ;  a  mixture  of 
crimson  and  a  little  brown. 
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rownlsh  red.    A  mixture  of  blood  red  and  brown. 
8-  Browns. 

FReddish  Brown.    A  deep  brown  inclining  to  red. 
CCiove  brown.  A  deep  brown  with  a  tint  of  carmine. 
^Yellowish  brown.    A  light  brown  verging  towards 
ire  yellow. 

timber  brown.    A  light  brown,  a  mixture  of  yel- 
.'ish  brown  and  grey. 

Hair  brown.     Intermediate  between  yellow  brown 
11  clove  brown  with  a  tint  of  grey. 
IFombac  brown.    A  light  yellowish  brown,  of  a  me- 
ic  lustre,  formed  of  gold  yellow  and  reddish  brown, 
iver  brown.    A  dark  brown  ;  blackish  brown  with 
[iint  of  green, 
lackish  brown.    The  darkest  brown, 
olours,  in  respect  of  intensity,  are  either  dark,  deep^ 
\ht^  or  pale.    When  a  colour  cannot  be  referred  to 
■T  of  the  preceding,  but  is  a  mixture  of  two,  this  is 
jressed  by  saying,  that  the  prevail  ng  one  verges  to- 
rrds  the  other,  if  it  has  only  a  small  tint  of  it  j  passes 
33  it,  if  it  has  a  greater. 

W.  By  the  ^scratch  or  streak,  is  meant  t^le  mark  Scratch. 

.  when  a  mineral  is  scratched  by  any  hard  body,  as 
point  of  a  knife.    It  is  either  similar^  of  the  same 

our  with  the  mineral ;  or  dissimilar,  of  a  different 
cjur. 

WI.  Lustre,  is  the  gloss  or  brightness  which  ap-  Lustre, 
.rs  on  the  external  surface  of  a  mineral,  or  on  its  ih- 
lal  surface  when  fresh  broken.  The  first  is  called 
?/■«£//,  the  second  internai  lustre.  Lustre  is  either 
Kwion,  that  which  most  minerals  possess;  .f?7ij,  like 
tt  of  silk  or  mother-of-pearl ;  voaxy,  like  that  of  wax  j 
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Hardness. 


Ductility. 


Fracture. 


greasy i  like  that  of  grease  ;  or  metallic,  like  that  of  mc. 
tals. 

As  to  the  degree,  the  greatest  is  called  splendent, 
the  next  shining,  the  third  dullish  ;  and  when  only  a  few 
scattered  particles  shine,  the  lustre  is  called  dull* . 

VII.  I  have  used  Mr  Kirwan's  figures  to  denote  the 
comparative  hardness  of  bodies  ;  for  an  explanation 
of  which  the  reader  is  referred  to  Vol.  I.  p.  86.  of 
this  Work. 

VIII.  With  respect  to  ductility  and  brittleness, 
minerals  are  either  malleable;  sectile,  capable  of  being  cut 
without  breaking,  but  not  malleable  ;  Jlexile,  capable  of ' 
being  bent,  and  when  bent  retainiiig  their  shape  ;  or 
elastic,  capable  of  being  bent,  but  recovering  their  for- 
mer shape.  Minerals  destitute  of  ihese  properties  arc 
brittle.  Brittle  minerals,  with  respect  to  the  ease  with 
which  they  may  be  broken,  are  either  very  tough,  toiigb, 
fragile,  or  very  fragile. 

IX.  By  FRACTURE  is  meant  the  fvesh  surface  w  hich 
a  naineral  displays  when  broken.  It  is  either  flat,  with., 
out  any  general  elevation  or  depression  ;  or  conchoidali 
having  wide  extended  roundisli  hollows  and  gentle  ri- 
sings. When  these  are  not  very  evident,  the^  fracture 
is  called  flat  conchoidal ;  whon  they  are  small,  it  is  call- 
ed small  conchoidal ;  and  when  of  great  extent,  great 
conchoidal. 

The  fracture  may  also  be  even,  free  from  all  asperi- 
ties ;  uneven,  having  many  small,  sharp,  abrupt,  irregu- 
lar elevations  and  inequalities ;  and  from  the  size  of 
these,  this  fracture  is  denominated  coarse,  small,  or  fine; 


*  These  four  degrees  have  been  denoted  by  Mr  Kirwan  by  the  fibres 
4,  3,  a,  I,  and  no  lusUe  by  o. 
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Uttttery,  having  small,  thin,  half  detached,  sharp  edged 
iinters,  according  to  the  size  of  which  this  fracture  is 
nominated  (oarse  or  Ji/ie  ;  or  rugged,  having  many 
rj  minute  sharp  hooks,  more  sensible  to  the  hand 
an  the  eje. 

X.  By  TEXTURE  is  meant  the  internal  structure  or  Texture, 
sposition  of  the  matter  of  which  a  mineral  is  compo- 

Ai,  which  may  be  discovered  by  breaking  it.  The 
tnre  is  either  compact,  without  any  distinguishable 
1  ts,  or  the  appearance  of  being  composed  of  smaller 
I  irts  ;  earthy,  composed  of  very  minute  almost  imper- 
ptible  rouoh  parts  ;  granular,  composed  of  small 
apelcss  grains  ;  glohuliform,  composed  of  small  sphe- 
cal  bodies  ;  Jihrous,  composed  of  fibres  which  may  be 
:ng,  short,  straight,  crooked,  parallel,  divergent,  itella- 
d,  fasciculated,  or  decussated  ;  radiated,  consisting  of 
■ng  narrow  flattish  lamellae  ;  ox^  laindlar,  ox  foliated^ 
insisting  of  smooth  continued  plates  covering  each 
tcher  :  these  plates  may  be  either  straight,  crooked,  or 
mdiilating, 

XI.  The  STRUCTURE  or  compodnd  texture  is  the  structure, 
uanner  in  which  the  parts  that  form  the  texture  are 
:isposed.  It  is  either  j/rt^r,  in  straight  layers  like  slate; 

staceotis,  in  incurvated  layers  ;  concentric,  in  concen- 
iric  layers;  or  columnar,  in  columns. 

The  texture  and  structure  may  at  first  view  appear 
fihe  same  ;  but  in  reality  they  are  very  different.  Thus 
lommon  slate  has  often  the  slaty  scructure  and  earthy 
cexture.     The  texture  of  pitcoal  is  compact,  but  its 
tructure  is  often  slaty. 

XII.  By  fragments  is  meant  the  shape  of  the  pieces  Fragmenti 
:nto  which  a  mineral  breaks  when  struck  with  a  ham- 
mer.   They  are  either  cuhic ;  rhomhoidal ;  wedgesha- 
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ped ;  splintery,  thin,  long,  and  pointed  ;  tnhular,  thin, 
and  broad,  and  sharp  at  the  corners,  as  common  slate ; 
or  indeterminate,  without  any  particular  resemblance  to 
any  other  body.  The  edges  of  indeterminate  fragments 
are  either  "very  sharp,  sharp,  sharpish^  or  hlunt. 
FeeL  XIII.  Bj  the  FEEL  of  minerals  is  meant  the  sensa. 
tion  which  their  surfaces  communicate  when  handled. 
The  feel  of  some  minerals  is  greasy,  of  others  dry.  Sec, 
Sound.  XIV.  Some  minerals  when  struck,  give  a  clear  sound, 
as  common  slate  ;  others  a  dull  sound. 

The  SMELL,  TAST.i,   SPECIFIC  GRAVITY,  and  MAGNE» 

TISM  of  minerals,  reqivire  no  explanation. 

With  respect  to  electricity,  some  minerals  become 
electric  when  heated,  others  when  rubbed,  others  caunot 
be  rendered  electric.    The  electricity  of  some  minerals 
is  positive  or  vitreous,  of  others  negative  or  resinous. 
Of  the  Th^  CHEMICAL  properties  of  minerals  will  be  under- 

blow-pipe.  stood  without  any  explanation.  In  detecting  them,  the 
hloio-pipe  is  often  of  singular  use,  as  it  enables  us  in  a 
few  minutes  to  determine  many  po'nts  which  by  the 
usual  processes  would  occupy  a  great  deal  of  time. 
The  blow-pipe  is  merely  a  tube  ending  in  a  cavity,  as 
fine  as  a  small  wire,  through  which  air  is  forced  and 
made  to  play  upon  the  flame  of  a  candle,  by  means  of 
which  the  flame  is  concentrated  and '  directed  against 
small  particles  'of  the  mineral  to  be  examined,  either 
placed  upon  a  bit  of  charcoal  or  in  a  platinum  or  silvfcr 
spoon.  The  air  is  either  forced  into  the  blow-pipe  by 
the  lungs  of  the  experimenter,  or  by  means  of  bellows 
attached  to  the  blow-pipe.  By  thus  exposing  a  very 
small  portion  of  a  mineral  to  the  concentrated  flame,  we 
see  the  effect  of  heat  upon  it,  and  have  an  opportunity 
of  trying  the  action  of  other  bodies  on  it  at  a  very  high 
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iTiperature,  as  of  borax,  soda,  microcosmic  salt,  &c. 
he  properties  which  these  experiments  bring  into 
ew,  enable  us  in  many  cases  to  ascertain  the  nature, 
\d  even  the  component  parts,  of  a  mineral. 
The  blow-pipe  was  first  introduced  into  mineralogy 
\'  Von  Swab.    It  was  afterwards  improved  by  Cron- 
:dt,  and  still  farther  by  Bergman.    Saussure  substi- 
Lited  a  fine  splinter  of  cyanite  for  charcoal,  cemenced  a 
ry  minute  portion  of  the  mineral  to  be  examined  to 
e  point  of  this  splinter,  and  exposed  it  in  that  situa> 
m  to  the  action  of  the  blow-pipe.    By  this  contri- 
ance  he  was  enabled  to  make  his  experiments  upon 
ry  minute  particles;  and  this  enabled  him  to, fuse 
my  bodies  formerly  considered  as  infusible. 
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JViiNERALS  may  be  arranged  two  ways,  according  to 
their  external  characters,  and  according  to  their  chemi- 
cal composition.  The  first  of  these  methods  has  been 
called  an  artificial  classification  ;  the  second,  a  natural 
one.  The  first  is  indispensably  necessary  for  the  stu- 
dent of  nature  ;  the  second  is  no  less  indispensable  for 
the  proficient  who  means  to  turn  his  knowledge  to  ac- 
count. Without  the  first,  it  is  impossible  to  discover 
the  names  of  minerals ;  and  without  the  second,  we  must 
remain  ignorant  of  their  use. 

Almost  every  system  of  mineralogy  hitherto  publish- 
ed, at  least  since  the  appearance  of  Werner's  external 
characters^  has  attempted  to  combine  these  two  ar- 
rangements, and  to  obtain  at  one  and  the  same  time  the 
advantages  peculiar  to  each.  But  no  attempt  of  this 
kind  has  hitherto  succeeded.  Whether  this  be  owing 
to  any  thing  impossible  in  the  undertaking,  or  to  the 
present  imperfect  state  of  mineralogy,  as  is  more  pro- 
bable, I  do  not  take  upon  me  to  determine.  But  surtly 
the  want  of  success  which  has  hitherto  attended  all  at- 
tempts to  combine  the  two  arrangements,  ought  to  sug- 
gest the  propriety  of  separating  them.  By  adhering 
Strictly  to  one  language,  the  trouble  of  studying  two  . 
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ifferent  systems  would  be  entirely  prevented.    They    '^^"P-  ^ 
/ould  throw  mutual  light  upon  each  other  :  the  arti- 
cial  system  would  enable  the  student  to  discover  the 
ames  of  minerals;  the  natural  would  enable  him  to  ar- 
ange  them,  and  to  study  their  properties  and  vises. 

The  ha[ipy  arrangement  of  Cronstcdt,  together  with 
hlie  subsequent  improvements  of  Bergman,  Werner,  Kir- 
•1,  Hauy,  and  other  celebrated  mineralogists,  has 
■ught  the  natural  system  of  mineralogy  to  a  coi;si- 
vTable  degree  of  perfection.    But  an  arujicicil  system 
~s  still  a  desidei"atum  ;  for  excepting  Linnaeus,  whose 
uccess  was  precluded  by  the  state  of  the  science,  no 
>ne  has  hitherto  attempted  it.    I  have  elsewhere  given 
in  outline  of  an  artificial  syitem,  extremely  imperfect 
ndeed,  but  capable,  by  a  combination  with  the  Wcrne- 
ian  characters,  of  being  made  as  precise  as  we  please*. 
>3ut  such  a  system  would  be  foreign  to  the  present 
Work,  in  which  our  object  ought  certainly  to  be  to  ar- 
.ange  minerals  according  to  their  composition,  or  to 
i^ive  what  has  been  called  a  natural  system  of  minera- 
logy- 

Avicenna,  a  writer  of  the  i  ith  century,  divided  mi-  Division  of 
poerals  into  four  classes  ;  stones,  salts,  inflammable  bo- 
(dies,  and  metals  f.    This  division  has  been,  in  some 
measure,  followed  by  all  succeeding  writers.  Linnaeus, 
i  indeed,  the  first  of  the  moderns  who  published  a  system 


*  See  the  Supplement  to  the  Encyclopitdij  Brit.inrici,  vol.  ii.  p.  193. 
\  Corpora  mineralia  in  quatuor  species  dividuntiir,  scilicet  in  lapides, 
fct  in  liqucfactiva,  sulphurca,  et  sak-s.    £t  horuin  qucdam  sunt  rar.-e  sub- 
stantia: ct  dcbilis  compositionis,  et  quxdam  fortis  substantix,  dt  qux- 
dam  ductibilia,  et  quaidam  ron.    Avicenna  a'e  Ccvgehitiane  et  Con^iutina- 
tione  Lapidum,  cap.  iii.    "Iheatriim  Cheiuicum,  t.  iv.  p.  997. 
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'■^""^  mineralogy,  being  guided  by  the  external  characters 

alone,  divided  minerals  into  three  classes,  pet>  a,  minerce^ 
fossilia  :  but  Avicenna's  classes  appear  among  his  or- 
ders.  The  same  remark  may  be  made  with  resp- ct  to 
the  systems  of  Wallerius,  Wolsterdorf,  Cartheuser,  and 
Justi,  which  appeared  in  succession  after  the  first  publi- 
cation of  Linnasus's  Systema  Naturce,  in  1736.  At  la-^t, 
in  1758,  the  system  of  Cronstedt  appeared.  He  rein- 
stated the  classes  of  Avicenna  in  their  place  ;  and  his 
system  was  adopted  by  Bergman,  Kirwan,  Werner,  and 
the  most  celebrated  mineralogists  whohave  written  since. 
These  classes  shall  be  adopted  in  the  following  system, 
because  none  which  are  preferable  have  been  hitherto 
proposed. 

Into'cksses.       I  shall  therefore  divide  minerals  into  four  classes : 

1.  Stones,  3.  Combustibles, 

2.  Salts.  4.  Ores. 

The  first  class  comprehends  all  the  minerals  which 
are  composed  chiefly  or  entirely  of  earths  ;  the  second, 
all  the  combinations  of  acids  and  alkalies  which  occur 
in  the  mineral  kingdom ;  the  third,  those  minerals  which 
are  capable  of  combustion,  and  which  consist  chiefly  of 
sulphur,  carbon,  and  oil ;  the  fourth,  the  mineral  bo- 
dies which  are  composed  chiefly  of  metals. 
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EARTHS  AND  STONES. 

This  class  may  be  divided  into  three  orders.  Tlie  first 
i  order  comprehends  all  chemical  combinations  of  earths 
\with  each  other ;  the  second  order,  chemical  combina- 
ttions  of  earths  with  acids  ;  and  the  third  order,  mecha- 
inical  mixtures  of  earths  or  stones.  All  the  minerals 
fcbelonging  to  the  first  order  exhibit  the  same  homogene- 
lOUS  appearance  to  the  eye  as  if  they  were  simple  bodies, 
il  shall  therefore,  for  want  of  a  better  name,  call  the  first 
corder  simple  ;  the  second  order  may  be  distinguished  by 
iLhe  epithet  of  saline  ;  and  the  third  by  that  of  aggre- 
[^ates ;  because  most  of  the  minerals  belonging  to  it 
cDonsist  of  various  simple  stories,  cemented  as  it  were  to- 
ro-ether. 

Order  I.    SIMPLE  STONES. 

■ 

Cronstedt  divided  this  order  into  nine  genera,  cor-  Cronstedes 
rresponding  to  nine  earths;  one  of  which  he  thought  2^°^"^^ 
ccomposed  the  stones  arranged  under  each  genus.  Tlie 
inames  of  his  genera  were,  calcartce.,  s  'liicece^  granatiiice^ 
largi/lacear,  wccecc  Jluores^  asheUince^  ^eolithicce,  mag' 
mesicc.  All  his  earths  were  afterwards  found  to  be  com- 
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Booh  III.    pounds,  except  the  first,  second,  fourth,  and  ninth, 

Cluip.  II.  ,  , 

V— Bergmiin,  therefore,  in  his  Sciagraphia,  first  published 
in  1782,  reduced  the  number  of  genera  to  five  ;  which 
was  the  number  of  primitive  earths  known  when  he 
wrote.  Since  that  period  five  new  earths  have  been  •( 
discovered.  Accordingly,  in  the  latest  systems  of  mi- 
neralogy, the  genera  belonging  to  this  order  are  pro- 
portionally increased.  Each  genus  is  named  from  an- 
eai'th  ;  aad  they  ar'e  arranged  in  the  newest  Wernerian  | 
system,  which  I  have  seen,  as  follows :  " 
r.  Jargon  genus,  5.  Magnesian  genus, 

2.  Siliceous  genus,  6.  Calcareous  genus, 

3.  Glucina  genus,  7.  Barytic  genus, 

4.  Argillaceous  genus,       8.  Strontiari  genus. 

Mr  Kirwan,  in  his  very  valuable  system  of  minera- 
logy, has  adopted  the  same  genera.   Under  each  genus, 
those  dtones  are  placed  which  are  composed  chiefly  of 
the  earth  which  gives  a  name  to  the  genus,  or  which 
at  least  are  supposed  to  possess  the  characters  which  di- 
stinguish that  earth.  _j 
Defective.        A  little  consideration  will  be  sufficient  to  discover  " 
that  there  is  no  natural  foundation  for  these  genera. 
Most  stones  are  composed  of  two,  three,  or  even  four 
ingredients  ;  and,  in  many  cases,  the  proportion  of  two 
or  more  of  these  is  nearly  equal.    Now,  under  what 
genus  soever  such  minerals  are  arranged,  the  earth  which 
gives  It  a  name  must  form  the  sm.allest  part  of  their  com- 
position.   Accordingly,  it  ^las  not  been  so  much  the 
chemical  composition,  as  the  external  character,  which 
has  guided  the  mineralogist  in  the  distribution  of  his 
species.    The  genera  cannot  be  snid  properlj"-  to  have 
any  character  at  all,  nor  the  species  to  be  connected  by 
any  thing  else  than  an  arbitrary  title.    This  defect. 


New  gene- 
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vhicli  must  he  apparent  in  the  most  valuable  systems  gjj^*^' 
)f  mineralogy,  seems  to  have  arisen  chiefly  from  an  at- 
empt  to  combine  together  an  artificial  and  natural  sy- 
stem.  I  have  ventured  to  form  new  genera  for  this  or- 
kr,  according  to  the  following  rules. 

The  only  substances  which  enter  into  the  minerals 
jelonging  to  this  order,  in  such  quantity  as  to  deserve 
attention,  are  the  following: 

Alumina,  Zirconla, 
Silica,  Yttria, 
Magnesia,  Oxide  of  iron. 

Lime,  Oxide  of  chromum, 

Baiytes,  Oxide  of  nickel, 

Glucina,  Potass. 
All  those  minerals  which  are  composed  of  the  same 
.ngredients  I  arrange  under  the  same  genus.  Accord- 
.ng  to  this  plan,  there  must  be  as  many  genera  as  there 
are  varieties  of  combinations  of  the  above  substances 
existing  in  nature.  The  varieties  in  the  proportion  of 
;he  ingredients  constitute  species.  I  have  not  imposed 
lames  •  upon  these  genera,  but,  in  imitation  of  Berg- 
man *,  have  denoted  each  by  a  symbol.  This  symbol 
lis  composed  of  the  first  letter  of  every  substance  which 
centers  in  any  considerable  quantity  into  the  composi- 
ttion  of  the  minerals  arranged  under  the  genus  denoted 
hj  it.  Thus,  suppose  the  minerals  of  a  genus  to  be 
ccomposed  of  alvmlnay  silica,  and  oxide  of  iron,  I  de- 
nnote  the  genus  by  the  symbol  asi.  The  letters  are  ar- 
nranged  according  to  the  proportion  of  the  ingredients  ; 
hat  which  enters  in  the  greatest  proportion  being  put 
rst,  and  the  others  in  their  order.  Thus  the  genus  asi 


■*  Opusc,  It.  231. 


« 
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Pook  HI.  IS  composed  of  a  considerable  proportion  of  alumina.  o( 
a  smaller  proportion  of  silica,  and  contains  least  of  all 
of  iron.  By  this  contrivance,  the  s-ymbol  of  a  genus 
contains,  within  the  compass  ot  a  few  letters,  a  prettj 
accurate  description  of  its  nature  and  character.  Where 
the  proportions  of  the  ingredients  varj  in  the  same  ge- 
nus so  much,  that  the  letters  which  constitute  its  sym- 
bol change  their  place,  I  subdivide  the  genus  into  parts  j 
and  whenever  the  minerals  belonging  to  any  genus  be- 
come  too  numerous,  advantage  may  be  taken  of  thcje 
subdivisions,  and  each  of  thenj  may  be  formed  into  a  || 
separate  genus.    At  present  this  seems  unnecessary. 

The  following  is  a  view  of  the  different  genera  be- 
longing to  this  order,  denoted  each  by  its  symbol.  Every 
genus  is  followed  by  the  species  included  under  it  ;  a:,  J 
the  whole  are  in  the  order  which  I  mean  to  follow  in 
describing  them  : 


I.  A- 

VI.  I.  As 

I.  Sapphire 

I.  Topaz 

2.  Corundum 

2.  Sommite 

3.  Native  alumina 

3.  Shorlite 

II.  s. 

2.  SA 

1.  Quartz 

4.  Rubellite 

2.  Flint 

5.  Hornslate 

3.  Opal 

6.  Hornstone 

4.  Pitchstone 

7.  Chalcedony 

5.  Chrysoprasiura 

8.  Jasper 

III.  L. 

9.  Tripoli 

Native  lime 

VII.  Asi 

IV.  Amc 

I.   I.  Micarell 

Ruby 

2.  Sharl 

V.  Aim 

3.  Granatitc 

Ceylanite 

2.  SAI 

I 
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4.  Tourmaline  4.  sla 

J.  Argentine  felspar  9.  Lazulite 

XIII.  Sali 


Class  I. 
Order  I. 


6.  Mica 

7.  Talc 

8.  Basaltine 

9.  Hornblende 

10.  Obsidian 

11.  Petrilite 

12.  Felsite 
nil.  Snaw 

Pimelite 
kl.  Sap 

1.  Felspar 

2.  Lepidolite 

3.  Leucite 

4.  White  chlorite 
.  Sag 

1 4  Emerald 

2.  Euclase 
[.  Sab 

Staurolite 
[I.  I.  AsL 

1.  Chrysoberyl 

2.  SAL 

2.  Hyalite 

3.  Edelite 

4.  Scapolite 

3.  SAWL 

5.  Zeolite 

6.  Stilbite 

7.  Chabasie 

8.  Analcime 
^VoL.  III. 


1.  Garnet 

2.  Pyrop 

3.  Melanite 

4.  Thummerstone 

5.  Prehnite 

6.  Thallite 

7.  Skotza 

XIV.  Ams 

1.  Cyanite 

2.  MSA 

2.  Serpentine 

XV.  MsAi 

1.  Potstone 

2.  Chlorite 

XVI.  Slam 
Siliceous  spar 

XVII.  Samli 
Argillite 

XVIII.  Slacmi 
Smaragdite 

XIX.  Sm 

1.  KifFekili 

2.  Steatites 
-XX.  Msi 

I-.  Chrysolite 
2.  Jade 
XXI.  Sml 

1.  Asbestus 

2.  Asbestinite 

Ee 
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Clj»;-    XXII.  I.SiLM  XXIII.  Sl 

'  '  V  I.  Aujrlte  I.  Shistoscliovnstonc 

2.  Asbestoid  2.  Tremolite 
2.  s.viiL                     XXIV.  Zs 

3.  Actinollte  Zircon 

4.  1  doc  rase  XXV.  Ysi 

Gadolinite 

•  Genus  I.  A. 

«S^.  I .    Sapphire  ♦. 
Oriental  ruhy,  sapphire,  and  tofiaz — Ruhis  d' orient 
Rome  de  Lisle — 'Telesia  of  Hauj — Sapphire  of  Dela- 
metherie. 

History.  Three  stones,  distinguished  from  each  other  bj  their 
colour,  have  been  long  held  in  high  estimation  on 
count  of  their  hardness  and-beaulj.  These  stones  w 
known  among  lapidaries  by  the  names  of  ruhy,~s^phire, 
and  topaz ;  and  the  epithet  oriental  yf  as  usually  added,  to 
distinguish  them  from  other  three,  known  by  the  same 
names  and  the  same  colours,  but  very  inferior  in  hard- 
ness and  beauty.  Mineralogists  were  accustomed  to 
consider  these  stones  as  three  distinct  species,  till  Rome 
de  Lisle  observed  that  they  agreed  in  the  form  of  their 
crystals,  their  hardness,  and  most  of  their  other  pro- 
perties. These  observations  were  sufficient  to  consti- 
tute them  one  species ;  and  accordingly  they  were  made 
one  species  by  Rome  de  Lisle  himself,  by  Kirwan,  an4 
several  other  modern  mineralogical  writers.  Rome  d^- 
Lisle  gave  the  species  the  name  of  ruby ;  but  this  has 


leir 

I 


*  Sec  Kirwan's  Mineralogy,  i.250. — Gmelin's  Syslem.j  Xatura:  of  LOJ" 
nsEus,  iii.  170.— Rome  de  Lisle's  Crystallograptie,  ii.  312. — Bergman'* 
Ofiiscula,  ii.  72- 
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-en  since  confined  to  a  different  mineral.  This  Induced  Genus  i.  A, 

Species  I. 

ld\iy  to  invent  the  new  word  telesia ;  but  the  term  u.  ^  ■  » 
I'phire,  which  has  been  a^jpropriated  to  this  species  by 
.'erner  and  Delametherie,  has  been  adopted  by  mine- 
logists  in  general.    I  shall  therefore  vise  it  in  prefe- 
ace. 

The  sapphire  is  found  in  the  feast  Indies,  especially 
a  Pegu  and  the  ibland  of  Ceylon  ;  and  it  is  most  com- 
monly crystallized.    The  crystals  are  of  no  great  size  :»  Crystals- 
I  heir  primitive  form,  according  to  Mr  Hauy,  is  a  regu- 
•ir  six-sided  prism,  divisible  in  directions  pai*allel  both 

0  its  bases  and  its  sides  ;  and  consequently  giving  for 
'  10.  form  of  its  primitive  nucleus,  or  of  its  integrant 

lecule^  an  equilateral  three-sided  prism  *.    The  most 
aal  variety  is  a  dodecahedron,  in  which  the  telesia  ap- 
)ears  under  the  form  of  two  very  long  slender  six-sided 
ijramids,  joined  base  to  base.    The  sides  of  these  py- 
iraids  are  isosceles  triangles,  having  the  angle  at  their 
rtex  22°  54',  and  each  of  these  at  the  base  78°  48' f. 

1  he  inclination  of  a  side  of  one  pyramid  to  a  contigu- 
nis^side  of  the  other  pyramid  is  139°  54' J.    In  some 

ecimens  the  summits  of  the  pyramids  are  wanting ; 
that  the  crystal  has  the  appearance  of  a  six-sided 
)i  ism,  somewhat  thicker  in  the  middle  than  towards  the 
xtremitles.  The  three  alternate  angles  at  each  extre- 
nity  of  this  prism  are  also  sometimes  wanting,  and  a 
mall  triangular  face  instead  of  them,  which  renders  the 
)a3es  of  the  supposed  prism  nine-sided.    The  inclina- 


*  Ann.  dc  Chim.  xvii.  313. 

\  In  some  instances,  the  angle  at  the  vertex  is  31°,  those  at  the  base 
;     30',  and  the  inclination  of  two  triangles  iaa°  36'.  See  Hauy,  Ibid. 
\  Ibid,  and  Rome  de  Lisle,  ii.  315. 
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Class  T.     tion  of  each  of  these  small  .iriangles  to  the  base  is  121* 

Order  \.  ^  ° 

«— —  —    18'*.  For  figures  of  these  crystals  the  reader  is  referred 

to  Rome  de  Lisle  and  Hauyf. 

Properties.  The  texture  of  the  sapphire  is  foliated,  and  the  joints 
are  parallel  to  the  base  of  the  prism:}:.  Its  lustre  va- 
ries from  3  to  4  §.  Transparency  usually  3  or  ^q,  some- 
times only  2.  Tt  causes  only  a  single  refraction.  Spe- 
cific gravity  from  4.  to  4.288.  Hardness  from  15  to 
'17.  It  is  either  colourless,  or  red,  yellow,  or  blue. 
These  colours  have  induced  lapidaries  to  divide  the 
species  into  the  three  following  varieties. 

Varieties.         Variety  i.    Red.     Oriental  ruhy  Colour  carmine 

red,  sometimes  verging  towaids  violet.  Sometimes  va- 
rious colours  appear  ,  in  the  same  stone,  as  red  and 
white,  red  and  blue,  orange  red.  Hardness  17.  Spe- 
cific  gravity  4.288. 

Variety  2.  Yellow.  Oriental  topaz. — Colour  gold- 
en yellow.  Transparency  4.  Hardness  15.  Specific 
gravity  4.0106. 

Variety  7^.  Blue.  Oriental  sapphire. — Colour  Ber- 
lin blue,  often  so  very  faint  that  the  stone  appears  al- 
most colourless.  Transparency  3,  4,  2.  Hardness  17. 
Specific  gravity  3.991  to  4.083  ||.  This  variety  is  not 
probably  the  same  with  the  sapphire  of  the  ancients. 
Their  sapphire  was  distinguished  by  gold-coloured 
spots,  none  of  which  are  to  be  seen  in  the  sapphire  of 
the  moderns 


*  Haiiy,  Ann.     Ch'wi.  xvii.  313.  f  Ibid.  ,  \  Hiii.;  • 

§  When  the  kind  ol  lustre  is  not  specified,  as  in  the  present  instance; 
the  common  is  always  meant. 

II  Greville,  Nicholson's  Journal,  iii.  11. 

^  Hill's  Theophrastus,  -xtft  tui  \i(iu»,  p.  100. 
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A  specimen  of  this  lavt  variety,  analysed  by  Mr  Kla- 
roth;  was  found  to  contain  in  lOo  parts, 
98.5  alumina  . 
i.o  oxide  of  iron 
0.5  lane 


loa.o 


Genus  I.  A. 
Species  I. 

Composi- 
tion. 


The  colouring  matter  of  all  these  varieties  is,  accord- 
ing to  Bergman's  experiments,  iron,  in  diiTerent  states 

?5f  oxidation.  He  found  that  the  topax  contained  .06, 
:he  ruby  .1,  and  the  sapphire  ,03  of  that  metal  f.  But 

when  these  experiments  were  made,  the  analysis  of  stones 
lad  not  arrived  at  a  sufficient  degree  of  perfection  to 

;=nsure  accuracy.     No  conclusion,  therefore,  can  be 

iirawn  from  these  experiments,  even  though  we  were 
certain  that  they  were  made  upon  the  real  varieties  of 
he  sapphire. 

Sf>.  2.    Corundum  f. 
Corundum  of  Gmelin — Adaf?ut7itine  spar  of  Klaproth 
and  Kirwan — Coritidon  of  Hauy — Corivindum  of 
Woodward. 

This  stone,  though  it  appears  to  have  been  known  to  History. 
\Jlx  Woodward,  may  be  said  to  have  been  first  distin- 
;uished  from  other  minerals  by  Dr  Black.    In  1768, 
i'lr  Berry,  a  lapidary  in  Edinburgh,'  received  a  box  of 
from  Dr  Anderson  of  Madras.    Dr  Black  ascertain- 
d  that  these  specimens  difl'tired  from  all  the  stones 


*  Bcitrage,  i.  81.  f  Bergman,  ii.  96. 

1  Sec  Kirwan's  Min.  i.— Klaproth  In  Beoh.  der  Berl!n,  vm,  295.  and 
1-  citrage,  i.  47. — Mr  Grevillc  and  the  Count  de  Bournon  in  the  Pbihtc. 
'■  'lical  Transactions  1798,  p.  403.  and  in  Nicholson's  Jour.  ii.  540.  and  iii.  5. 
-Mr  Hauy,  Jour,  de  Phys.  xxx.  193.  and  Jour,  de  Min.  No.  xxviii.  26z. 
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Class  T.     known  to  Europeans  ;  and,  in  consequence  of  its  hard- 

Or<ltr  I.  .  .  c  • 

k._y,..^   ness,  It  obtained  the  name  of  adamantine  spar.  Not- 

withstanding  this,  it  could  scarcely  be  said  to  have  been 
known  to  European  mineralogists  till  Mr  Greville  of 
London,  who  has  done  so  much  to  promote  the  science 
of  mineralogy,  obtained  specimens  of  it,  in  1784,  from 
India,  and  distributed  them  among  the  most  eminent 
chemists,  in  order  to  be  analysed.  Mr  Greville  also 
learned  that  its  Indian  name  was  Corundum.  It  is 
found  in  Indostan,  not  far  frora  the  river  Cavery,  which 
is  south  from  Madras,  in  a  rocky  matrix,  of  consider- 
able hardness,  partaking  of  the  nature  of  the  stone  it- 
self*. It  occurs  also  in  China  ;  and  a  substance,  not 
unlike  the  matrix  of  corundum,  has  been  found  in  Te- 
ree,  one  of  the  western  islands  of  Scotland  f . 
Crystals.  I'he  corundum  is  usually  crystallized.    Its  primitive 

form,  discovered  by  Mr  Hauy|  and  the  Count  de  Bour- 
non§,  is  a  rhomboidal  parallelopiped,  whose  sides  are 
equal  rhombs,  with  angles  of  86°  and  94°,  according 
to  Bournon,  or  whose  diagonals  are  to  each  other  as 
■v/17  to  ViJ.  according  to  Hauy  ;  which  is  very  nearly 
the  same  thing.  The  most  common  variety  (for  the 
primitive  form  has  never  yet  been  found)  is  the  regular 
six-sided  prism,  the  alternate  angles  of  which  are  some-' 
times  wanting,  and  the  triangular  faces,  which  occupy 
their  place,  are  inclined  to  the  base  at  an  angle  of  122° 
34'||.  Sometimes  the  corundum  is  crystallized  in  the 
form  of  a  six-sided  pyramid,  the  apex  of  which  is  gene- 
rally wanting.    For  a  description  and  figure  of  these,  ^ 


*  Garrow  and  Greville,  Nicholsons  Jour.  ii.  54°-  +  Greville,  Ibid 

t  Jour,  de  Mtn.  No.  xxviii.  262.  §  Nicholson's  Jour.  ii.  54?  v 

H  De  Bonmon. 
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•d  all  the  other  varieties  of  corundum  hitherto  obser-  Gj^n^sl.  A. 

Species  II. 

\1,  the  reader  is  referred  to  the  dissertation  of  the   — * 

ount  de  Bournon  on  the  subject  *. 

The  texture  of  the  corundum  is  foliated,  and  the  na-  Properties- 
ii  al  joints  are  parallel  to  the  faces  of  the  primitive 
Mihomboidal  parallelopiped.  Lustre,  when  in  the  di- 
eection  of  the  laminae,  3  ;  when  broken  across,  o.  O- 
saque,  except  when  in  very  thin  pieces.  Hardness  15 
i|pecific  gravity  from  3.710  to  4.i8of.  Colour  grey, 
liften  with  various  shades  of  blue  and  green. 

According  to  the  analysis  of  Klaproth,  the  corundum 
if  India  is  composed  of  89.5    alumina  do^^°*^" 

5.5  silica 
1.25  oxide  of  iron 


A  specimen  from  China  of  84.0  alumina 

6.5  silica 
7,5  oxide  of  iron 


98.o§ 

Notwithstanding  the  quantity  of  silica  and  of  iron 
vivhich  these  analyses  exhibit  in  the  coi'undum,  I  have 
Ibbeen  induced  to  include  it  in  the  present  genus,  on  ac- 
i count  of  the  strong  resemblance  between  it  and  the 
t third  variety  of  the  sapphire.  The  resemblance  be- 
ttween  the  crystals  of  these  minerals  appears  evident 
eeven  from  the  short  description  given  above :  and 
tthe  observations  of  Bournon  11  render  this  resemblance 


*  See  also  Hauy,  Jour,  dc  Mi/i.  No.  xxviii,  262. 

f  Klaproth.    See  also  Giwille,  Nicholson's  Jour.  iii.  11. 

\  Beitrage,  i.  77.        §  IhW  i.  73.  |1  Nicholson's  jfour.  iii.  9. 
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Orde/i     ^'^^^  Striking.    It  is  not  improbable,  therefore,  as 

'  V  ■■'  Mr  Grevilk  and  the  Count  de  Bournon  have  suggested, 
that  corundum  may  be  only  a  variety  of  the  sapphire ; 
and  that  the  seeming  difference  in  their  ingredients  is 
owing  to  the  impurity  of  those  specimens  of  corundum 
which  have  hitherto  been  brought  to  Europe.  Let  not 
the  difference  which  has  been  found  in  the  primitive 
form  of  these  stones  be  considered  as  an  insuperable 
objection^till  the  subject  has  been  a^ain  examined  with 
this  precise  object  in  view  ;  for  nothing  is  easier  thaa 
to  commit  an  oversight  in  such  difficult  examinations. 
Sj}.  3.    Native  alumina*. 

This  substance  has  been  found  at  Halles  in  Saxony 
in  compact  kidney-form  masses.  Its  consistence  is  ear. 
thy.  Lustre  c.  Opaque.  Hardness  4.  Brittle.  Spe. 
cific  gravity  moderate.  Feels  soft,  but  meagre.  Ad- 
heres very  slightly  to  the  tongue.  Stains  very  slight-, 
ly.  Colour  pure  white.  Does  not  readily  diffuse  it- 
self in  water. 

It  consists  of  pure  alumina  mixed  with  a  small  quan- 
tity of  carbonat  of  lime,  and  sometimes  of  sulphat  of 
limef. 

Genus  11.  S. 
Sp.  I.    Quartz :}:. 
This  stone,  which  is  very  common  in  most  mountain- 
ous countries,  is  sometimes  crystallized,  and  sometimes 
Crystals.      amorphous.    The  primitive  form  of  its  crystals,  accord- 
ing to  Mr  Hauy,  is  a  rhomboidal  parallelopiped  j  the 


*  See  Kirwdn's  Min-  >.  i/J,  and  Sclireber,  15  Stuck,  p.  209. 
f  Schrcbcr.  J  Kirwan's  Mirh  i.  241. 
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tides  of  whose  rhombs  are  03°  22'  and  86°  38'-,  so  Genus II  s. 

Species  I. 

bhat  it  does  not  differ  much  from  a  cube  *.    The  most  

ijommon  variety  is  a  dodecahedron,  composed  of  two 
ix-sided  pyramids,  appUed  base  to  base,  whose  sides  are 
isosceles  triangles,  having  the  angle  at  the  vertex  40°, 
nd  each  of  the  angles  at  the  base  70  ;  the  inclina- 
iion  of  a  side  of  one  pyramid  to  the  contiguous  side  of 
lihe  other  pyramid  is  104°.    There  is  often  a  six-sided 
»rism  interposed  between  the  two  pyramids,  the  sides  of 
/hich  always  correspond  with  those  of  the  pyramids  §. 
,'or  a  description  and  figure  of  the  other  varieties  of 
luart'^.  crystals,  and  for  a  demonstration  of  the  law 
i^hich  they  have  followed  in  crystallizing,  we  refer  the 
jsader  to  Rome  de  Lisle  §  and  Mr  Hauy  \\. 

The  texture  of  quartz  is  more  or  less  foliated.  Frac- 
lare,  conchoidal  or  splintery.  Its  lustre  varies  from 
to  I,  and  its  transparency  from  4  to  i  ;  and  in  some 
:ases  it  is  opaque.  It  causes  a  double  refraction.  Hard- 
less,  from  10  to  Ti.  Specific  gravity  from  2.64  to 
..67,  and  in  one  variety  2.691.  Its  colour  is  exceedingly 
aarious;  a  circumstance  which  has  induced  mineralogists 
J)  divide  it  into  numerous  varieties.  Of  these  the  fol- 
nwing  are  the  chief : 

1.  Pure  colourless,  perfectly  transparent  crystallized  Varieties, 
uartz,  having  much  the  appearance  of  artificial  crystal; 
nown  by  the  name  of  rock  crystal. 

2.  Qiiartz  less  transparent,  and  with  a  splintery  frac- 
ire,  has  usually  been  distinguished  by  the  name  of 

art^y  and  separated  from  rock  crystal.  As  there  is 
ro  occasion  for  this  separation,  I  have,  in  imitation  of 


*  Jour,  de  Min.  No.  xxviii.  255.  §  Crystal,  ii.  71. 

II  Mem.  /*ar.  1786.  p.  78.    See  alsoLametherie,  Jow/-.  t/^  P/Iy/j.  xlii.470. 
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Class  f,  Mr  Hauy,  chosen  the  word  quartz  for  the  specific  name. 
Order  I.  ,       ,•  .  . 

V-   ^     '  comprehending  under  it  all  the  varieties. 

3.  Blood  red  quartz-,  formerly  called  compostella  hya- 
cinth, and  by  Hauy  quartz  hematoide.  It  owes  its  colour 
to  oxide  of  iron.  The  mineral  known  to  mineralogists 
by  the  name  of  sinople,  and  considered  by  them  as  a  va- 
riety oi  jasper i  has  been  discovered  by  Dolomieu  to  be 
merely  this  variety  of  quartz  in  an  amorphous  state  *• 

4.  Yellow  quartz  ;  called  false  topaz. 

5.  Rosy  red  quartz  ;  called  Bohemian  ruby. 

For  a  fuller  enumeration  of  these  varieties,  the  reader 
is  referred  to  Smeisser^s  M.ineralogy\  Kirwan's  Miner- 
alogy I,  and  Gmelin's  edition  of  the  Systema  Natures  of 
Linnseus^.  This  last  writer,  however,  has  arranged  se- 
veral minerals  under  quartz  which  do  not  belong  to  it. 

Pure  quartz  is  composed  entirely  of  silica ;  but  some 
of  the  varieties  of  this  species  are  contaminated  with 
metallic  oxides,  and  with  a  small  quantity  of  other 
earth*. 

Sp.  1.  Elastic  Quartz  ||. 
This  singular  stone  is  moderately  elastic,  and  flexible 
in  every  direction.  Texture,  earthy.  Lustre,  o  or  i. 
Hardness,  9.  Brittle.  Specific  gravity  2.624.  Colour, 
greyish  white.  Phosphoresces  when  scraped  with  a 
knife  in  the  dark.  The  specimen  analysed  by  Mr  Klap- 
roth  contained  .  .  .  96.5  silica, 

2.5  alumina, 
5  oxide  of  iron, 

99-5  H 

»  Jour,  de  Min.  No.xxviii.  255.        f    89.       t  >•  444-       ?  194- 
J  Kirwan's  M!n.  i.  316.— Gerhiird  Mem,  Berlin,  1783.  p.  107.— Klap- 
roth's  Beitrage  a  Band.  113.    Sec  also  Jour,  de  Fbys.  xli.  91. 
^  BeitragC)  ii.  116. 
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Sp.  7.  Flint*. 

i     J                                                         Species  III. 
Pyromachiis — Pierre  a  fusil — Silex  of  Hauy.  '  ^  ' 

This  stone,  which  has  become  so  necessary  in  modern  Situation, 
ar,  is  found  in  pieces  of  different  sizes,  and  usually 
f  a  figure  more  or  less  globular,  commonly  among 
:halk,  and  often  arranged  in  some  kind  of  order.  In 
'  ixony  it  is  said  to  have  been  found  crystallized  in  hexa- 
'drons,  composed  of  two  low  three-sided  pyramids  ap- 
plied base  to  base  f . 

Its  texture  is  compact.    Its  fracture,  smooth  con-  Properties. 
:hoidal.    Lustre,  external  o,  the  stones  being  always 
::overed  by  a  white  crust ;  internal  i,  inclining  to 
igreiuy.  Transpiirency,  2  •,  when  very  thin,  3.  Hardness, 
110  or  II.    Specific  gravity,  from  ■2.58  to  2.63.  Co- 
lour varies  from  honey  yellow  to  brownish  black.  Very 
rDrittle  and  splits  into  splinters  in  every  direction.  Two 
pieces  of  flint  rubbed  smartly  together  phosphoresce, 
and  emit  a  peculiar  odour.    When  heated  it  decrepi- 
rates,  and  becomes  white  and  opaque.    When  exposed 
iong  to  the  air  it  often  becomes  covered  with  a  white 
r:rust.    A  specimen  of  flint  analysed  by  Klaproth  con- 
fined  98.00  silica,  Composi- 

.50  lime, 
.25  alumina, 
0.25  oxide  of  iron, 
1. 00  water. 

100.00  f 

*  Kirwan's  Mm.  i.  301. — Dolomieu,  Jour,  de  Min.  No.  xxxiii.  693.  and 
'jalivet,  ibid.  713.  These  last  gentlemen  give  the  only  accurate  account 
)f  the  method  of  making  gun  flints. 
j  Gmelin's  Sysl:ma  Nature,  iii.  183.  |  Beitrage,  i.  46. 
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Class  r.        Another  specimen  analysed  by  Dolomieu  was  com. 

Order  I.  *  '  ' 

«— y  '  posed  of       97  silica, 

1  alumina  and  oxide  of  iron, 

2  water. 

ICO  * 

The  white  crust  with  which  flint  is  enveloped  con- 
sists of  the  same  ingredients,  and  also  a  little  carjonat 
of  lime.  Dolomieu  discovered  that  water  is  essential  to 
flint ;  for  when  it  is  separated  by  heat  the  stone  loses  its 
properties  f . 

Gun  flints.  The  manufacture  of  gun  flints  is  chiefly  confined  to 
England  and  two  or  jJiree  departments  in  France.  Tiie 
operation  is  exceedingly  simple :  a  good  workman  will 
make:  looo  flints  in  a  day.  The  whole  art  consists  in 
striking  the  stone  tepeatedly  with  a  kind  of  mallet,  and 
bringing  off  at  each  stroke  a  splinter,  sharp  at  one  end 
and  thicker  at  the  other.  These  splinters  are  afterwards 
shaped  at  pleasure,  by  laying  the  line  at  which  it  is 
wished  they  should  break,  upon  a  sharp  iron  instrument, 
and  then  giving  it  repeatedly  small  blows  with  a  mallet. 
During  the  whole  operation  the  workman  holds  the  stone 
in  his  hand,  or  merely  supports  it  on  his  knee  %. 
Sp.  4-    Opal  jj. 

Situation.  This  stone  is  found  in  many  parts  of  Europe,  espe- 
cially in  Hungary,  in  the  Crapacks  near  the  village  of 
Czennizka.  When  first  dug  out  of  the  earth  it  is  soft, 
but  it  hardens  and  diminishes  in  bulk  by  exposure  to 
the  air.  The  substance  in  which  it  is  found  is  a  ferru- 
genous  sand-stone  §. 


*  Joitr.  de  M'ln.  No.  xxxiii.  702.  \  Ibid.  \  Ibid. 

J  Delius,  Jour,  de  Phys.  xliv.  45. 

II  Kirwan's  Min.  i.  289.— Hauy,  'Jour,  dt  Hut.  Nat.  ii.  p.— Delius,  Jc-::r. 
it  Vb^s.  xliv.  45. 
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The  opal  is  usually  amorphous.    Its  fracture  is  con-  Genus ii.  s. 

^  ^  ^  TT    J  opecies  IV- 

hoidal,  commonly  somewhat  transparent.    Hardness  i  

rem  6  to  lo.   Specific  gravity  from  1.7  to  2.66.   The  ^''"P^'''^^*' 
owncss  of  its  specific  gravity,  in  some  cases,  is  to  be 
scribed  to  accidental  cavities  wliich  the  stone  contains. 
iThese  are  sometimes  filled  with  drops  of  water.  Some 
pecimeiis  of  opal  have  the  property  of  emitting  various 
coloured  rays,  with  a  particular  efFulgency,  when  placed 
jetween  the  eye  and  the  light.  The  opals  which  possess 
Iliis  property  are  distinguished  by  lapidaries  by  the 
rpithet  criental ;  and  often  by  mineralogists  by  the  epi- 
het  nobilis.    This  property  rendered  the  stone  much 
•steem^d  by  the  ancients.  Opals  acquire  it  by  exposure 
.0  the  sun. 

Variety  I.  Oriental  or  noble. — Lustre  glassy,  3.  Varictic*, 
IFransparency,  3  to  2.  Hardness,  6  to  8.  Colour,  usually 
light  bluish  vyhite,  sometimes  yellow  or  green.  When 
neated  it  becomes  opaque,  and  sometimes  is  decomposed 
:5y  the  action  of  the  atmosphere.  Hence  it  seems  to 
bllow  that  water  enters  essentially  into  its  composi- 
ion.  A  specimen  of  this  variety,  analysed  by  Klap- 
rroth,  contained         90  silica, 

10  water. 


ICQ  * 

•  Variety  2.  Semi-opal. — Fracture,  imperfectly  con- 
(choidal.  Lustre,  glassy  2.  Transparency  2  to  3.  Hard- 
mess,  7  to  9.  Its  colours  are  very  various  ;  greys,  yellows, 
rreds,  browns,  greens  of  different  kinds. 

Specimens  of  this  variety  sometimes  occur  with  rifts  : 
tthese  readily  imbibe  water,  and  therefore  adhere  to  the 
ttongue.    Some  opals  gradually  become  opaque,  but  re- 


*  Beitragc,  ii.  153. 
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OrdcVi     ^^'^^^  transparency  when  soaked  In  water  by  im- 

«  bibing  that  fluid.    They  are  then  czWtA  hydroplanes,  ox 

oculi  nmndi. 

Variety  3.  Cat's  eye  *. — This  variety  comes  from 
Ceylon,  and  is  seldom  seen  by  European  mineralogists 
till  it  has  been  polished  by  the  lapidary.  Mr  Klaproth 
has  described  a  specimen  which  he  received  in  its  natu- 
ral state  from  Mr  Greville  of  London.  Its  figure  was 
nearly  square,  with  sharp  edges,  a  rough  surface,  and 
a  good  deal  of  brilliancy. 

Its  texture  is  imperfectly  foliated.  Lustre  greasy,  2. 
Transparencj'  3  to  1.  Hardness  10.  Specific  gravity 
2.56  to  2.66.  Colour  grey  ;  with  a  tinge  of  green, 
yellow,  or  white  :  or  brown,  with  a  tinge  of  yellow  or 
xed.  Li  certain  positions  it  reflects  a  splendid  white,  as 
does  the  eye  of  a  cat  ;  hence  the  name  of  this  stone. 

Two  specimens,.-aTiaIysed  by  Klaproth,  the  first  from 
Ceylon,  the  other  from  Malabar,  were  composed  of  , 
pj.oo  94'jo  silica 

1.75  2.00  alumina 

1.50  I'jo  lime 

0.25  0.25  oxide  of  iron 


98.5 1  98.25  t 

Sp.  5.  Pitchstonej. 
Mciiclites. 

Situation,  This  stone,  which  occurs  in  difFerent  parts  of  Ger- 
many, France,  and  other  countries,  has  obtained  its 
name  from  some  resemblance  which  it  has  been  suppo- 
sed to  have  to  pitch.  It  is  most  usually  in  amorphous 
pieces  of  diflferent  sizes  ;  and  it  has  been  found  also  cry- 


*  Kirwan'3  Min.  i.  301.— Klaproth,  Beitrage,  i.  90.  +  Beltrage,  L  94- 
\  Ibid.  p.  96.       §  Kir.  M'tn>  i.  294.— Daubenton,  Mem.  Par.  1787,  p.  86. 
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stalllzed  in  six-sided  prisms,  terminated  by  three-sided  ^enus  ii.  S. 

'■  '  "  Species  V. 

pyramids.  '  ■   v  ■■' 

Its  fracture  is  corxhoidal  and  uneven,  and  sometimes  Propertleg. 
approaches  the  splintery.  Lustre  greasj,  from  3  to  i. 
Transparency  2  to  I,  sometimes  o.  Hardness  8  to  10. 
Exceedingly  brittle  ;  it  yields  even  to  the  nail  of  the 
finger.  Specific  gravity  2.049  to  ^'SQ*  colours  are 
•  numerous,  greyish  black,  bluish  grey,  green,  red,  yel- 
low of  different  shades.  Sometimes  several  of  these  co- 
lours appear  together  in  the  same  stone.  A  specimen 
of  pitch-stone  from  Pvlesnil-montant  near  Paris  *,  ana- 
lysed by  Mr  Klaproth,  contained 

Si;.?  silica  Composl- 

^       .        .  tion. 
I  i.o  air  and  water 

i.o  alumina 

.5  iron 

,5  lime  and  magnesia 


98-jt 

Sp.  6.  Chrysoprasiumij:. 

,  This  mineral,  which  is  found  in  different  parts  of 
Germany,  particularly  near  Kosemutz  in  Silesia',  is  al- 
ways amorphous.  Its  fracture  is  either  even  or  incli- 
ning to  the  splintery.  Scarcely  any  lustre.  Transpa- 
rency 2  to  3.  Hardness  10  to  12.  Specific  gravity 
2.479.  Colour  green.  In  a  heat  of  130°  Wedgewood 
it  whitens  and  becomes  opaque. 

A  specimen  of  this  stone,  analysed  by  Mr  Klaproth, 
contained 


*  See  Jotir.  de  Phys.  xxxi.  219.  f  Beitrage,  ii.  169. 

\  Kirwan's  Min.  i. — Lchiuann,  Mem.  Berlin,  fJSS,  P-  aoa.— Klaproth, 
Beitrage,  ii.  127. 
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06.16  sUlca 

Order  I. 

1. 00  oxide  of  nickel 
0.83  lime 
0.08  alumina, 
0.08  oxide  of  iron 


Genus.  III.  L. 
Sp.\.    Native  Lime. 
The  existence  of  pure  uncombined  lime  in  a  native 
state  has  been  questioned  ;  but  the  evidence  on  which 
the  belief  of  its  existence  is  founded  is  sufficiently  re- 
spectable to  put  the  matter  beyond  doubt.    Monnet  af- 
firms that  it  exists  in  abundance  in  the  mountains  of 
Upper  Auvergne,  mixed,  however,  \v;th  a  little  oxide 
of  ironf .  Dr  Falconer  of  Bath  found  a  soft  whitish  mi- 
neral in  the  neighbourhood  of  that  town,  consisting 
partly  of  pure  lime  capable  of  dissolving  sulphurij:,  and 
from  which  lime-water  may  be  made.    I  have  been  in.« 
formed  by  his  son  Mr  Thomas  Falconer,  that  a  gen- 
tleman who  is  at  present  collecting  the  minerals  about 
Bath  has  found  it,  though  not  in  any  great  quantity. 

Genus  IV.  Amc. 
Sp^  I.  Ruby§. 
Spinel  and  halass  Ruby  of  Kirwan — Ruhy  of  Hauy 
— Rubis  spinelle  oBoedre  of  De  Lisle — Spinellus  of 
Gmehn. 

This  stone,  which  comes  from  the  island  of  Ceylon, 


*  Bfeitrage,  ii.  133. 

f  Monnet's  Min-ra/ogy,  p.  515.  t  On  Bath  H''aters,  p.  156. 

§  See  Kirwan's  Min.  i.  ^53.-  Rome  de  Lisle, ii.  224.— Klaproth  Beob. 
ier  Btr/iii,  iii.  336.  and  Beitrage,  ii.  i. — Vaiiquelin de  Cbim.xxnil.  3^ 
and  xxxi.  141. 
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•.is  usually  crystallized.    The  form  of  its  integrant  par-  ^^^^'J'^- 
tticles  is  the  tetrahedron.    The  primitive  form  of  its    Species  i. 
crystals  is  a  regular  octahedron,  composed  of  two  four-  Crystals, 
ssided  pyramids  applied  base  to  base,  each  of  the  sides 
(of  which  is  an  equilateral  triangle  *.    In  some  cases 
ttwo  opposite  sides  of  the  pyramids  are  broader  than  the 
cother  two;  and  sometimes  the  edges  of  the  octahedron 
aare  wanting,  and  narrow  faces  in  their  place.    For  fi- 
gures and  descriptions  of  these,  and  other  varieties  of 
tthese  crystals,  the  reader  is  referred  to  Rome  de  Lisle  and 
tthe  Ahbe  Estner  f . 

The  texture  of  the  ruby  is  foliated.    Its  lustre  is  3.  properties. 
ITransparency  3  to  4.  It  causes  a  single  refraction.  Hard- 
rness  13.    Specific  gravity  3.570^  to  3-625  §•  Colour 
rred  ;  if  deep,  the  ruby  is  usually  called  balass ;  if  pale 
rrosy,  spinell. 

The  ruby,  according  to  the  analysis  of  Vauquelin,  is  Composl- 
ccomppsed  of       86.00  alumina, 
8.50  magnesia, 
5.25  chromic  acid. 


tion. 
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The  ancients  seem  to  have  classed  this  stone  among 
iheir  hyacinths 

Genus  V.  Aim. 
Sp.  I.  Ceylanite. 
^1    The  mineral  denominated  ceylanite^  from  the  island  History. 
)f  Ceylon,  from  which  it  was  brought  into  Europe,  had 

*  This  octahedron  is  usually  distinguished  either  by  the  epithet  regular 
-r  aluminiform,  because  it  is  the  well-known  form  of  crystals  of  alum, 
f  CryMall.  ii.  226. — Estner's  Miner.  73.  \  Klaproth. 

5  Hatchette  and  Grevillc.  ||  Ann.  de  Cb'im.-sxvn.  15. 

^  Plinii,  lib.  xxxvii.  c.  9. 

Vol.  III.  F  f 
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Class  I.     been  observed  by  Rome  de  Lisle  *  ;  but  was  first  de- 

OrdtT  F.  , 

«— J  scribed  by  La  Metherie  in  the  Journal  de  Physique  for 
January  1793. 

Crystals.  It  is  most  commonly  found  in  rounded  masses ;  but 
sometimes  also  crystallized.  The  primitive  form  of  its 
crystals  is  a  regular  octahedron  :  it  commonly  occurs 
under  this  form,  but  more  commonly  the  edges  of  the 
octahedron  are  wanting,  and  small  faces  in  their  placef. 

Properties.  The  fracture  of  the  ceylanite  is  conchoidal  %.  Its 
internal  lustre  is  glassy.  Nearly  opaque,  except  when 
in  very  thin  pieces.  Hardness  12.  Specific  gravity  from 
3.7647  §  to  3.793  ![•  Colour  of  the  mass,  black;  of 
very  thin  pieces,  deep  green.    Powder,  greenish  grey. 

Composi-  According  to  the  analysis  of  Descotils  the  ceylanite  is 
composed  of         68  alumina, 

^"^         16  oxide  of  iron, 
1 2  magnesia, 
2  silica. 

9811 

Genus  VI.    i.  As. 

Sp.  I.    Topnz  **. 

Occidental  ruby,  topaz,  3.nd  sapp/jire. 
History.  The  name  topaz  has  been  restricted  by  Mr  Hauy  to 
the  stones  called  by  mineralogists  occidental  ruby,  topaz, 
and  sapphire ;  which,  agreeing  in  their  crystallization 
and  most  of  their  properties,  were  arranged  under  one 
species  by  Mr  Rome  de  Lisle.    The  word  topuzy  deri- 


*  Ci-yst  illog.  iii.  180.  Note  ai.       f  Hauy,  Jour.dt  MIn.  No.xxiviii.  264. 
:f  Ibid.  a63.       §  Hauy.       ||  Descotils.       f  jinn,  de  Cbim.^xTLM.  \iy 
**  Kirwan's  Min.  i.  454. — Pott.  Mem.  Berlin,  1747,  p.  46.— Margraf, 
ibid.  1776.  p.  73.  and  160. — Henkel,  Att.  Acad,  Nat.  Cur.  iv.  316. 
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iired  from  an  island  in  the  Red  Sea  *,  where  the  an-    Genus  vr. 

As. 

;:ients  used  to  find  topazes,  was  apphed  by  them  to  a    Species  I. 
■Tiineral  very  different  from  ours.    One  variety  of  our  * 
;opaz  they  denominated  chrysolite. 
-  The  topaz  is  found  in  Saxony,  Boliemia,  Siberia,  and 
Brazil,  mixed  with  other  minerals  :n  granite  rocks. 

It  is  commonly  crystallized.  The  primitive  form  of  Crystals, 
tts  crystals  is  a  prism  whose  sides  are  rectangles  and 
:Da3es  rhombs,  having  their  greatest  angles  124°  ill 
and  the  integral  molecule  has  the  same  form  f;  and  the 
neight  of  the  prism  is  to  a  side  of  the  rhomboidal  bases 
las  3  to  2.  The  diiFerent  varieticvS  of  topaz  crystals  hi- 
hherto  observed  amount  to  6.  Five  of  these  are  eight- 
jided  prisms,  terminated  by  four- sided  pyramids,  or 
f»vedge-shaped  summits,  or  by  Irregular  figures  of  7, 13, 
;or  15  sides  ;  the  last  variety  is  a  twelve-sided  prism,  ter- 
minated by  six-sided  pyramids  wanting  the  apex.  For 
ttn  accurate  description  and  figure  of  these  varieties  the 
reader  is  referred  to  Mr  Hauy  \. 

The  texture  of  the  topaz  is  foliated.  Its  lustre  is  properties, 
•rrom  2  to  4.  Transparency  from  2  to  4,  It  causes  a 
idouble  refraction.  Hardness  12  to  14.  Specific  gravity 
tirom  3.531 1  103.564.  The  Siberian  and  Brazil  topazes, 
ivhen  heated,  become  positively  electrified  on  one  side, 
und  negatively  on  the  other  §.  It  is  infusible  by  the 
?)low-pipe.  The  yellow  topaz  of  Brazil  becomes  red 
fwhen  exposed  to  a  strong  heat  in  a  crucible ;  that 
Saxony  becomes   white   by   the    same  process. 


*  It  got  its  name  from  Tr,Tru.Xa,  to  seeh;  because  the  island  was  often 
yurrounded  with  fog,  and  therefore  difficult  to  find.  See  Plinii,  lib. 
tctxvii.  c.  8. 

I  Hauy,  'Jour,  de  Min.  No,  xxviil.  |  Jour,  da  Min,  ibid. 

§  Hauy,  ibid. 
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SIMPLE  STONES. 


Class  1. 
Order  I. 


Varieties. 


This  shews  us  that  the  colouring  matter  of  these  two 
stones  is  different. 

The  colour  of  the  topaz  is  various,  which  has  indu- 
ced mineralogists  to  divide  it  into  the  following  varie- 
ties : 

1.  Red  topaz,  of  a  red  colour,  inclining  to  yellow; 
called  Brazi/ici/i  or  occidental  ruby. 

2.  Yellow  topaz,  of  a  golden  yellow  colour,  and 
sometimes  also  nearly  white  ;  called  occidental  or  Bra- 
zil topa%.  The  powder  of  this  and  the  following  variety 
causes  syrup  of  violets  to  assume  a  green  colour  *. 

3.  Saxon  topaz.  It  is  of  a  pale  wine  yeUow  colour, 
and  sometimes  greyish  white. 

4.  Aigue  marine.  It  is  of  a  bluish  or  pale  green  co- 
lour. 

5.  Occidental  sapphire.  It  is  of  a  blue  colour;  and 
sometimes  white. 

A  specimen  of  white  Saxon  topaz,  analysed  by  Vau- 
quelin,  contained      68  alumina 

31  silica 


99 1 

Sp.  2.  Somuiite. 
Hexagonal  white  shorl  of  Ferber — White  hyacinth  of 

Somma. 

This  stone  was  called  sommite  by  Lametherie,  from 
the  mountain  Somma,  where  it  was  first  found.  It  is 
usually  mixed  with  volcanic  productions.  It  crystalli- 
zes in  six-sided  prisms,  sometimes  terminated  by  pyra- 
mids. Colour  white.  Somewhat  transparent.  Cuts 
glass.   Specific  gravity  3.2741.   Infusible  by  the  blow- 


*  Vauqueliu,  Jour,  dc  Miit.  No.xxix.  165.        f  Ibid.  No.ixiv.  3. 


\ 
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)c.  According:  to  the  analysis  of  Vauqtielin,  it  is  Genus  VI. 
nposed  of  49  alumina  Species  III. 

46  silica  * 
2  lime 

I  oxide  of  iron  . 

Sj),  3.  Shorlitef. 
TThis  stone;  which  received  its  name  from  Mr  Kla- 
)3th,  is  generally  found  in  irregular  oblong  masses  or 
lumns,  inserted  in  granite.  Its  texture  is  foliated, 
sacture  uneven.  Lustre  2.  Transparency  2  to  i. 
r.rdness  9  to  10.  Specific  gravity  3.33.  Colour  green- 
white,  or  sulphur  yellow.  Not  altered  by  heat.  Ac- 
ding  to  the  analysis  of  Klaproth,  it  is  composed  of 
50  alumina 
50  silica 


100 


Genus  VI.    2.  sa. 
iS^.  4.    Rubellite  t — Sibente  of  hermim. 
Red  shorl  of  Siberia — Daourite  of  Delametherie. 
IThis  stone  is  found  in  Siberia  mixed  with  white 
irtz.    It  is  crystallized  in  small  needles,  which  are 
)uped  together,  and  traverse  the  quartz  in  various  di- 
ttions.    Texture  fibrous.    Fracture  glassy,  inclining 
tthe  conchoidal.    Transparency  2;  at  the  edges  3. 
rrdness  10.    Brittle.  Specific  gravity  3.048.^  Colour 
omson,  blood,  or  peach  red.    By  exposure  to  a  red 
utt  it  becomes  snow  white  ;  but  loses  none  of  its 


•If  Jour,  de  Mm.  No.xxvlii.  279.  f  Kirwan's  Min.  i.  a86. 

:  Kirwan's  Mln.  i.  a88. — Bindheim,  Crell's  Annals,  179^,  p.  320.- 
rmina,  Jour.de Pbys.  xlix.374. 

Ff3 
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SIMPLE  STONES. 


Class  L     weight.   It  tinges  soda  blue,  but  does  not  melt  wlih  it. 

When  heated,  acquires  the  electricity  of  the  tourmaline. 

According  to  the  analysis  of  Mr  Bindheim,  it  is  com- 
posed of  5  7  silica 

35  alumina 
5  oxides  of  iron  and  manganese 

According  to  Lermina  of  36  silica 

48  alumina 
3^  lime 

9    oxide  of  manganese 


964, 

Sp.  5.  Hornslate*. 
Shistose  porphyry. 
This  stone,  which  occurs  in  mountains,  is  generally 
amorphous  j  but  sometimes  also  in  columns.  Structurev 
slaty.    Texture  foliated.    Fracture  uneven  and  splin-| 
tery  ;  sometimes  approaching  the  conchoidal.  Lustre 
o.    Ti-ansparency  i  or  o.    Hardness  about  10.  Speci- 
fic gravity  from  2.512  to  2.7.    Colour  different  shades 
of  grey^  from  ash  to  bluish  or  olive  green.  Melts  at  145° 
Wedgewood  into  an  enamel.    A  specimen  analysed  by 
Wedgewood  contained  73.0  silica 

23.9  alumina 
3.5  iron 

ICO. 4 

Sp.  6.  Hornstonef. 
Petrosilex — Chert. 
Thiy  stone,  which  makes  a  part  of  many  mountains, 


*  Kinvan's  Min.  i.  307.— Wiegleb,  Crell's  /ttinah,  1787,  i  Band.  30*. 
See  also  Reuss,  S.imml.  N.':tur.  Hist.  Aufsace,  p.  207. 

t  Kirwan's  Min.  \.  303.— Baimier,  Jour,  dc  Phyi.  ii.  154-  ai'd  ^f""' 
net,  Ibid.  331 — Wiegleb,  CrcU's  Annals,  1788,  p.  45-  and  i;5-— 7"'-'' 
Phys,  lii.  239 . 
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tion. 


usually  amorphous  ;  but,  as  Mr  Kirwan  informs  us,    Genus  Vl. 
has  been  found  crystallized  by  Mr  Beyer  on  Schnee-  Species  VII. 
rg.    Its  crystals  are  six-sided  prisms,  sometimes  ter- 
1  mated  by  pyramids  ;  hexahedrons,  consisting  of  two 
iree- sided  pyramids  applied  base  to  base  ;  and  cubes, 
■  r  six-sided  plates  *.    Its  texture  is  foliated.    Fracture  Properties. 
;:pli-.itery,  and  sometimes  conchoidal.  Lustre  o.  Trans- 
parency 1  to  2.    The  crystals  are  sometimes  opaque. 
Hardness  7  tog.  Specific  gravity  2.532  to  2.653.  Co- 
wur  usually  dark  blue  :  but  hornstone  occurs  also  of 
ihc  following  colours ;  grey,  red,  blue,  green,  and  brown 
i>£  different  shades  f . 
According  to  Kirwan,  it  is  composed  of  Composi' 
72  silica 

22  alumina 
6  carbonat  of  lime 

100% 

Sp.  7.  Chalcedony. 
This  stone  is  found  abundantly  in  many  countries, 
particularly  in  Iceland  and  the  Faro  islands.   It  is  most 
ommonly  amorphous,  stalactitical,  or  in  rounded  mas- 
;es ;  but  it  occurs  also  crystallized  in  six-sided  prisms, 
terminated  by  pyramids,  or  more  commonly  in  four  or 
ix-sided  pyramids,  whose  sides  are  convex.  Surface 
tough.    Fracture  more  or  less  conchoidal.    Lustre  i. 
lomewhat  transparent.    Hardness  10  to  ii.  Specific 
ravity  2.56  to  2.665.    Not  brittle. 

According  to  Bergman,  the  chalcedony  of  Faro  is 
omposed  of  ....  84  silica 

1 6  alumina,  mixed  with  iron 
100 


*  Kirwan's  Min.  i.303.  f  Schmeisser's  Min.  i,  loj. 

\  Ibid.  p.  305. 
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SIMPLE  STONES. 


Class  I. 
Order  I. 
\  ^ 

Varieties. 


Varieties. 


Variety  I.  Common  chalcedony  Fracture  even,  in- 
clining to  conchoidal.  Transparency  2  to  3  ;  some- 
times I.  Its  colours  are  various  ;  it  is  most  common- 
ly greyish,  with  a  tint  of  yellow,  green,  blue,  or  pearl; 
often  also  white,  green,  red,  yellow,  brown,  black,  or 
dotted  with  red.  When  striped  white  and  black,  or 
brown,  alternately,  it  is  called  onyx ;  when  striped 
white  and  grey,  it  is  called  chalcedonix.  Black  or  brown 
chalcedony,  when  held  between  the  eye  and  a  strong 
light,  appears  dark  red. 

Variety  %,  Cornelian — Fracture  conchoidal.  Trans- 
parency 3  to  I  ;  often  cloudy.  Its  colours  are  various 
shades  of  red,  brown,  and  yellow.  Several  colours  often 
appear  in  the  same  mass.  To  this  variety  belong  ma- 
ny of  the  stones  known  by  the  name  of  Scotch  pebbles. 
Sp.  8.  Jasper*. 

This  stone  is  an  ingredient  in  the  composition  of 
many  mountains.  It  occurs  usually  in  large  amorphous 
masses,  and  sometimes  also  crystallized  i«  six-sided  ir- 
regular prisms.  Its  fracture  is  conchoidal.  Lustre 
from  2  to  o.  Either  opaque,  or  its  transparency  is  i. 
Hardness  9  to  10.  Specific  gravity  from  2.5  to  2.82. 
Its  colours  are  various.  When  heated,  it  does  not  de- 
crepitate. It  seems  to  be  composed  of  silica  and  alu- 
mina, and  often  also  contains  iron. 

Variety  X.   Common  jasper. — Specific  gravity  from 

1 

2.58  to  2,7.  Tts  colours  are,  different  shades  of  white, 
yellow,  red,  brown,  and  green;  often  variegated,  spot- 
ted, or  veined,  with  several  colours. 

Variety  2.  Egyptian  pebble — This  variety  is  found 


*  Kirwan's  Min.  i.  309. — Borral,  Eist,  Natur.  dc  Cone. — Henkel,  Acf. 
Acad,  Nat.  Curios,  v.  339. 
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liefly  in  Egypt.    It  usually  has  a  spheroidal  or  flat    Genus  Vl. 

funded  figure,  and  is  enveloped  in  a  coarse  rough  crust.  Speciesix. 
[  c.  is  opaque.  Hardness  10.  Specific  gravity  2.564.  " 
i  c  is  chiefly  distinguished  by  the  variety  of  colours, 
h  'hich  always  exist  in  the  same  specimen,  either  in  con- 
L-ntric  stripes  or  layers,  or  in  dots  or  dendritical  figures, 
t  \"hese  colours  are,  different  browns  and  yellows,  milk 
I  ^hite,  and  isabella  green  j  black  also  has  been  observed 
i  1  dots. 

I'  Variety's,.  Striped  jasper — This  variety  is  also  di- 
1;  anguished  by  concentric  stripes  or  layers  of  different 
i  olours  :  these  colours  are,  yellow,  brownish  red,  dnd 
yreen.  It  is  distinguished  from  the  last  variety  by  its 
tccurring  in  large  amorphous  masses,  and  by  its  frac- 
ture, which  is  nearly  even, 

Sp.  9.  Tripoli. 
This  mineral  is  found  sometimes  in  an  earthy  form, 
i»ut  more  generally  indurated.  Its  texture  is  earthy.  Properties, 
•ts  fracture  often  somewhat  conchoidal.  Lustre  o.  Ge- 
Kierall^;  opaque.  Hardness  4  to  7.  Specific  gravity  2,080 
002.529.  Absorbs  water.  Feel,  harsh  dry.  Hardly  ad- 
neres  to  the  tongue.  Takes  no  polish  from  the  nail. 
Does  not  stain  the  fingers.  Colour  generally  pale  yellow- 
ish grey,  also  different  kinds  of  yellow,  brown,  and  white. 

It  contains,  according  to  Haasse,  90  parts  of  silica, 
}i  alumina,  and  3  of  iron.    A  mineral  belonging  to  this  Composin 
pecies  was  analysed  by  Klaproth,  and  found  to  contain 

66.5  silica 
7.0  alumina 
2.5  oxide  of  iron 
1.5  magnesia 

1.25  lime 
19.0  air  and  water 

97-75 


4s8 


SIMPLE  STONES. 


Class  r. 
Order  L 


Composi- 
tion, 


History, 


Genus  VII.  i.  asi. 
Sp.  I.  Micarell*. 
This  name  has  been  given  by  Mr  Kirwan  to  a  stone 
which  former  mineralogists  considered  as  a  variety  of 
mica.  It  is  found  in  granite.  ]ts  texture  is  foliated, 
and  it  may  be  split  into  thin  plates.  Lustre  metallic,  3. 
Opaque.  Hardness  6.  Specific  gravity,  2.980.  Co- 
lour brownish  black.  At  153°  Wedgewood,  it  melts 
info  a  blapk  compact  glass,  the  surface  of  which  is  red- 
dish f . 

A  specimen  analysed  by  Klaproth  contained 
63.00  alumina 
29.50  silica 
6.75  iron 


99-25 
Sp.  1. 


Shorlt 

No  word  has  been  used  by  mineralogists  with  less  li- 
mitation than  shorl.  It  was  first  introduced  into  mine- 
ralogy by  Cronstedt,  to  denote  any  stone  of  a  col  -iinnar 
form,  considerable,  hardness,  and  a  specific  gravity  from 
3  to  3.4.  This  description  applied  to  a  very  great  num- 
ber of  stones  ;  and  succeeding  mineralogists,  though 
they  made  the  word  more  definite  in  its  signification, 
left  it  still  so  general,  that  under  the  designation  oi  shorl 
almost  20  distinct  species  of  minerals  were  included. 

Mr  Werner  first  defined  the  word  shorl  precisely,  and 
restricted  it  to  one  species  of  stones.  I  use  the  word  in 
the  sense  assigned  by  him. 

Shorl  is  found  abundantly  in  mountains,  either  mas- 
sive, or  crystallized  in  three  or  nine  sidtd  prisons,  often 


*  Kinvan's  Mm.  i.  aia. 


f  Kirwan,  Ibid.        \  Ibid.  i.  265. 
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crmiiiated  by  three-sided  survmits.    The  sides  of  the  GenusVir. 
rvstals  are  longitudinally  streaked.    Its  textixre  is  fo-  ftpecies  ill. 
ued.    Its  fracture  conchoidal.    Lustre  2.    Opaque,  p'opertics.' 
larcbiess  lo.    Specilic  gravity  2.92  to  3.212.  Colour 
lack.    Streak  grey.    It  does  not  become  electric  by 
icat.     When  heated  to  redness,  its  colour  becomes 
jiownish  red  ;  and  at  127"^  Wedgewood,  it  is  convert- 
J  into  a  brownish  compact  enamel*.    According  to  ^0^^°"' 
'HViegleb,  it  is  composed  of    41.25  alumina  * 

34.16  silica 
20.00  iron 
5.41  manganese  ■ 


10.0.82 1 


Sp-  3.  Granatite. 
iStaurotide  of  Hauy — Purre  de  Ctoix  of  De  Lisle — 
Stcnirolithe  ef  Lametherie. 
I  have  adopted  from  Mr  Vauquelin  the  term  grana- 
itite  to  denote  this  stone,  because  all  the  other  names  are 
sambiguous,  having  been  applied  to  another  mineral  pos- 
Lsessed  of  very  different  properties. 

Granatite  is  found  in  Galicia  in  Spain,  and  Britanny 
in  France.  It  is  always  crystallized  in  a  very  peculiar  Crystals, 
iform  ;  two  six-sided  prisms  intersect  each  other,  either 
at  right  angles  or  obliquely.  Hence  the  name  cross- 
stone,  by  which  it  was  known  in  France  and  Spain  J. 
Mr  Hauy  has  proved,  in  a  very  ingenious  manner,  that 
!the  primitive  form  of  the  granatite  is  a  rectangular 
prism,  whose  bases  are  rhombs,  with  angles  of  1294-° 
and  501°  ;  and  that  the  height  of  the  prism  is  to  the 


*  Kirwan's  M/n.  i.  i66. 

f  Crell's  Beitrage,  i.  Band  4  Stuck,,  p.  ai, 


f  Rome  dc  Lisle,  ii.  435. 
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SIMPLE  STONES. 


Class  I. 
Order  I. 


Gomposi- 
tion. 


Crystals. 


Properties. 


greater  diagonal  of  a  rhorcb  as  i  to  6 ;  and  that  its  in- 
tegrant molecules  are  triangular  prisms,  similar  to  what 
would  be  obtained  by  cutting  the  primitive  crystal  ia 
two,  by  a  plane  passing  vertically  through  the  shorter 
diagonal  of  the  rhomboidal  base.  From  this  structure 
he  has  demonstrated  the  law  of  the  formation  of  the 
cruciform  varieties*.  The  colour  of  granatite  is  grey- 
ish or  reddish  brown.  Specific  gravity  3.2861.  Hard- 
ness 12.    Texture  compact.    Usually  opaque, 

According  to  the  analysis  of  Vauquelin,  it  is  com- 
posed of  47.06  alumina 

30  59  silica 

13.30  oxide  of  iron 
3700  lime 


9S-9Sf 

Genus  VII.    2.  sai. 
Sp.  4.  Tourmaline 

This  stone  was  first  made  known  in  Europe  by  speci- 
mens brought  from  Ceylon  ;  but  it  is  now  found  fre- 
quently forming  a  part  of  the  composition  of  mountains. 
It  is  either  in  amorphous  pieces,  or  crystallised  in  three 
or  nine  sided  prisms,  with  four-sided  summits.  The 
primitive  form  of  its  crystals  is  an  obtuse  rhomboid  ; 
that  of  its  integrant  particles  an  irregular  tetrahedron. 

Its  texture  is  foliated  :  Tts  fracture  conchoidal.  In- 
ternal lustre  2  to  3.    Transparency  3  to  4  ;  sometimes 


*  /!nn.  de  CLsm.  vi.  14a.  f  Ibid.  xxx.  106. 

\  Kirwan,  i.  271. — Bergraan/ii.  118.  and  v.  402. — Gerhard,  Mem.  Eerl. 
1777,  p.  14. — Hauy,  Mem.  Par.  1784,  p.  270. — Wilson,  Piil.  Trjns.  xli. 
308. — iKpinus,  Bccueil  sur  la  Touriialine. — See  also  La  Portoric,  k  S.'f'- 
fbir,  rOeil  de  Chat^  et  la  Tourrpaline  de  Ceylon  demasqitcs. 
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only  2*.    Causes  only  single  refraction f.    Hardness  9  GchusVIL 
to  ri.    Specific  gravity  3.05  to  3  155.  Colour  brown,  SpedesV. 
often  so  dark  that  the  stone  appears  black ;  the  brown  * 
has  also  sometimes  a  tint  of  green,  blue,  red,  or  yellow. 

When  heated  to  200°  Fahrenheit,  it  becomes  elec- 
tric ;  one  of  the  summits  of  the  crystal  negatively,  the 
other  positively:]:.  It  reddens  when  heated  ;  and  is  fu- 
sible per  se  with  intumescence  into  a  white  or  grey  en- 
amel. 

A  specimen  of  the  tourmaline  of  Ceylon,  analysed  by 

Vauquelin,  was  composed  of  Composl- 

., .  tion. 

40  silica 

39  alumina 
12    oxide  of  iron 
4  lime 

2.5  oxide  of  manganese 


97-5  § 


5.  Argentine  felspar  1]. 
This  stone  was  discovered  by  Mr  Dodun  in  the  black 
mountains  of  Languedoc.  It  is  either  amorphous,  or 
crystallized  in  rhomboidal  tables,  or  six  or  eight  sided 
prisms.  Its  texture  is  foliated.  Fragments  rectangu- 
lar. Laminae  inflexible.  Internal  lustre  4.  Transpa- 
rency 2.  Colour  white  ;  two  opposite  faces  of  the  cry- 
stals are  silver  white,  two  others  dead  white.  Hard- 
ness of  the  silver  laminse  6,  of  "the  rest  9.  Brittle. 
Specific  gravity  2.5.  When  the  flame  of  the  blow-pipe 


*  And  when  black  only  i.  It  is  always  opaque  when  viewed  in  a  di- 
rection parallel  to  the  axis  of  the  crystaL 

f  Hauy,  Jour,  de  Mln.  No.  xxviii.  265.  f  iEpinui. 

§  Ann,  (k  Cbim,  XXX,  lOj,  []  Kirwan,  i.  337. 


SIMPLE  STONES. 

Ord^'  \     '^^  directed  against  the  edges  of  the  crystal  (stuck  upon 
Y-  — '   glass),  it  easily  melts  into  a  clear  compact  glass  ;  but 
when  the  flame  is  directed  against  the  faces,  they  pre- 
serve their  lustre,  and  the  edges  alone  slowly  melt. 

According  to  the  analysis  of  Dodun,  it  is  composed 
of  46  silica  V 

36  alumina 
16  oxide  of  iron 

98 

When  this  stone  is  exposed  to  the  atmosphere,  it  is 
apt  to  decay  :  Its  surface  becomes  iridescent,  and  at 
last  changes  to  ochre-yellow  ;  Its  specific  gravity  is 
2.3  or  2.212  ;  and  when  breathed  upon,  it  gives  out  an 
earthy  smell. 

Sp.  6.  Mica*. 
This  stone  forms  an  essential  part  of  many  moun- 
tains,  and  has  been  long  known  under  the  names  of  gla- 
cies  marice  and  Muscovy  glass.  It  consists  of  a  great 
number  of  thin  laminae  adhering,  to  each  other,  some- 
times of  a  very  large  size.  Specimens  have  been  found 
in  Siberia  nearly  2^-  yards  square  f . 
Crystals.  It  is  sometimes  crystallized  :  Its  primitive  form  is  a 
rectangular  prism,  whose  bases  are  rhombs,  with  an- 
gles of  120°  and  60°:  Its  integrant  molecule  has  the 
same  form.  Sometimes  it  occurs  in  rectangular  prisms, 
whose  bases  also  are  rectangles,  and  sojnierimes  also  in 
short  six-sided  prisms ;  but  it  is  much  more  frequently 
in  plates  or  scales  of  no  determinate  figure  or  size  |. 


*  Kirwan,  i.  210. — Gmelin,  Kov.  Com.  Pefropol.  xii.  549. 
f  Hist.  General  de  Ftyagcs,  t.xviii.  272.  quoted  by  Hauy,  Jour,  dc  Ml*- 
No.  xxviii.  299. 

\  Hauy,  Jour,  de  Min.  No.  xxviii.  296. 


Its  texture  is  foliated.    Its  fragments  flat.    The  la-  Genus VII. 
tnellie  flexi'ble,  and  somewhat  elastic.    Lustre  metallic,  Si>eciesViL 
From  3  to  4.  Transparency  of  the  laminae  3  or  4,  some-  pro^tki.' 
times  onlj  2*.   Hardness  6.    Very  tough.   Often  ab- 
sorbs water.    Specific  gravity  from  2.6546  to  2.9342. 
IFeels  smooth,  but  not  .greasy.    Powder  feels  greasy. 
[Colour,  when  purest,  silver  white  or  grey  ;  but  it  oc- 
urs  also  yellow,  greenish,  reddish,  brown,  and  black. 
Mica  is  fusible  by  the  blow-pipe  into  a  white,  grey, 
;^reen,  or  black  enamel ;  and  this  last  is  attracted  by 
::he  magnet  f .    Spanish  wax  rubbed  by  it  becomes  ne- 
:5atively  electric |. 

A  specimen  of  mica,  analysed  by  Vauquelin,  contained  Composl- 

•1  •  tion. 
50.00  smca 

35,00  alumina 

7.00  oxide  of  iron 

1.3  q  magnesia 

1.33  lime 


MICA — TALC.  4^ 


94.68§ 

Mica  has  long  been  employed  as  a  substitute  for 
;;Tlass.  A  great  quantity  of  it  is  said  to  be  used  in  the 
[Russian  marine  for  panes  to  the  cabin  windows  of  ships; 
iit  is  preferred,  because  it  is  not  so  liable  as  glass  to  be 
-broken  by  the  agitation  of  the  ship. 

Sp.  7.  Talc^. 
This  stone  has  a  very  strong  resemblance  to  mica, 


♦  Black  mica  is  often  nearly  opaque. 

f  Hauy,  Jour,  de  Min.  No.  xxviii.  p.  295.  Bergman,  however,  found 
j-pwre  mica  infusible  per  sc. 

I  Ibid.  §  Ibid, 

\  Kirwaji,  L  150.— Pert.  Mem.  Serl,  1746,  p.  65. 
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SfMPLE  STONES. 


Class  1. 
Order  I. 


Properties. 


V.ir'eties. 


and  was  long  considered  as  a  mere  variety  of  that  mine- 
ral. It  occurs  sometimes  in  small  loose  scales,  and 
sometimes  in  an  indurated  form  j  but  it  has  not  hither- 
to been  found  crystallized. 

Its  texture  is  foliated.  The  lamellae  are  flexible,  but 
not  elastic.  Its  lustre  is  from  2  to  4.  Transparency 
from  2  to  4.  Hardness  4  to  6.  Specific  gravity,  when 
indurated,  from  2.7  to  2.8.  Feels  greasy.  Colour  most 
commonly  whitish  or  greenish.  Spanish  wax  rubbed 
with  it  becomes  positively  electric  *. 

Variety  i .  Scaly  talc.  Talcite  of  Kirwan — This  va- 
riety occurs  under  the  form  of  small  scales,  scarcely  co- 
hering. Lustre  3  to  4.  Very  light.  Adheres  to  the 
fingers.  When  rubbed  upon  the  skin,  it  gives  it  a 
gloss.  Colour  white,  with  a  shade  of  red  of  green ; 
sometimes  leek  green. 

Variety  2.  Common  talc.  Venetian  talc. — This  va- 
riety  often  occurs  in  oblong  nodules.  Lustre,  nearly 
metallic,  4.  Transparency  2  to  3;  when  very  thin  4. 
Hardness  4  to  5.  Colour  white,  with  a  shade  of  green 
or  red ;  or  apple  green,  verging  towards  silver  white. 
By  transmitted  light  green. 

Variety  3.  Shistose  talc. — Its  structure  is  slaty.  Frac- 
ture hackly  and  long  splintery.  Easily  crumbles  when 
rubbed  in  the  fracture.  External  lustre,  2  to  3  ;  inter- 
nal, I  ;  but  sometirties,  in  certain  positions,  3.  Colour 
grey,  with  a  shade  of  white,  green,  or  blue.  Becomes 
white  and  scaly  when  exposed  to  the  air. 

A  specimen  of  common  talcy  analysed  by  Mr  Chene- 
vlx,  contained 


*  Hauy,  "Jour  de  Min.  No.  xxviii.  291. 


BASALTINE. 


4^5 


48.0  silica 

37.0  alumina 
6.0  oxide  of  iron 
1.5  magnesia 
1.5  lime 

5.0  water 


99.0* 

Sp.  8.  Basaltinef. 
basaltic  hornhlende  of  Werner — Actinote  of  Hauy — 

Zillertite  of  Lametherie. 
'  This  stpne  is  found  commonly  in  basaltic  rocks  j 
nee  its  name,  which  was  imposed  by  Mr  Kir- 
Mn,    It  is  crystallized,  either  in  rhomboidal  prisms, 
six  or  eight-sided  prisms,  terminated  by  three-sided 
rramids.  The  primitive  form  of  its  crystals  is  a  rhom- 
idal  prism.    Its  texture  is  foliated.    Its  fracture  un- 
^en.    Lustre  3.    Transparency,  when  in  very  thin 
iites,  I.    Hardness  from  9  to  10.    {Specific  gravity 
:333*    Colour  black,  dark  green,  or  yellowish  green, 
rreak  white.    Transmits  a  reddish  yellow  light.  Be- 
••e  the  blow-pipe  it  melts  into  a  greyish  coloured  en- 
>iel,  with  a  tint  of  yellow  J.    A  specimen,  seemingly 
(this  stone,  analysed  by  Bergman,  contained 

38  silica 
27  alumina 
9  iron 
4  lime 
I  magnesia 

99  § 


*  Ann.  de  Cbim.  xxviii.  200. 
X  Le  Licvre,  "Jour,  de  Min,  No.  xxviii.  269. 

rvoL.  nr.  G  g 


f  Kirwan,  i.  219. 
\  Bergman,  iii.  307. 


Genus  VII. 

1.  SAI. 

Sp.  VIII, 


PropertieSi 


Composi- 
tion. 
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Class  T. 
Order  I. 


Composi- 
tion. 


Varieties, 


Sp.  9.  Hornblende*. 
j4>nphil>ole  of  Hauy  f. 
Tills  stone  enters  in^to  the  compositio;i  of  various 
mountains.    Its  texture  is  very  conspicuously  foliated. 
Fracture  conchoidal.     Fragments  often  rhomboidal. 
Lustre  2.    Opaque.    Hardness  5  to  9.    Tough.  Spe^f 
cific  gravity  2.9^2  to  3,41.    Colour  black,  blackish" 
green,  olive  green,  or  leek  green.    Streak  greenish.  Itj^ 
neither  becomes  electric  by  frictiqn  nor  heat  %.  Be- 
fore the  blow-pipe  it  melts  into  a  black  glass.    A  spe-. 
cimen  of  black  hornblende,  analysed  by  INIr  Hermann, 
was  composed  of      37  silica 

27  alumina- 
35  iron 
5  lime 

3  magnesia  * 


,  97§ 

Sp.  10.    Resplendent  Hornblende. 

There  are  two  minerals  which  Werner  considers  9^ 
varieties  of  hornblende,  and  Mr  Kirwan  as  constituting 
a  distinct  species.  These,  till  future  analyses  decide  th^ 
point,  I  shall  place  here  under  the'name  of  resplendent' 
hornblende,  the  name  given  them  by  Mr  Kirwan  ;  and 
I  shall  describe  them  separately. 

Variety  i.   Labradore  hornblende. — Texture  curved, 
foliated.    Lustre,  in  some  positions,  o  ;  in  others  nie-y 
tallic,  and  from  3  to  4.    Opaque.    Hardness  8  to  9. 


*  Kirwan,  i.  213. 

f  Under  this  name  Mr  Hauy  comprehends  sborl  also. 
%  Ilauy,  Jour,  de  M'-n.  No.  xxviii.  267. 
§  Beob.  dcr  BcrUii,  J  Band.  317. 


HORNBLENDE'^OBSIDIAN. 
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specific  gravity  from  3.35  to  3.434.    Colour,  in  most  ^^"^^J^"' 
positions,  greyish  black  ;  in  others,  it  reflects  a  strong  Species  XI. 
ron  grey,  sometimes  mixed  with  copper  red. 

Variety  2.  Shiller  spar  *. — Texture  foliated.  Lustre 
metallic,  4,    Transparency,  in  thin  pieces,  I.  Hard- 
-cis  8  to  9.    Specific  gravity  2.882.    Colour  green, 
otten  with  a  shade  of  yellow  ;  also  golden  yellow.  In 
ome  positions  it  reflects  white,  grey,  or  yellow.  At 
141°  We'dgewood,  hardened  into  a  porcelain  mass.  A 
;^ecimen,  analysed  by  Gmelin,  was  composed  of 

43.7  silica 
17.9  alumina 
23.7  iron 


11.2  mas:nesia 


It  has  been  found  in  the  Hartz,  stuck  in  a  serpentine 
rock. 

Sp.  1 1 .    Obsidian  |. 
Iceland  agate. 
This  stone  is  found  either  in  detached  masses,  or  form- 
ng  a  part  of  the  rocks  which  compose  many  mountains, 
[t  is  usually  invested  with  a  grey  or  opaque  crust.  Its 
fracture  is  conchoidal.    Its  internal  lustre  3.  Trans- 
)parency  i.   Hardness  10.   Specific  gravity  2.348.  Co- 
our  black  or  greyish  black  :  when  in  very  thin  pieces," 
Tieen.    It  melts  into  an  opaque  grey  mass.  According 
:o  Bergman,  it  is  composed  of  69  silica 

22  alumina 
9  iron 
ioo§ 


*•  Kirwan,  i.  321.  f  Bergbaukundc,  i  Band.  p.  92, 

I  Kirwan,  i.  264.  §  Bergman,  iii.  204. 
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^'f"';-  Sp.ii.  Pctrillte*. 

Order  I.  ^ 

Cubic  felspar. 
This  stone  is  found  in  the  mass  of  mountains.  It  i$ 
amorjjhous.  Texture  foliated.  Fracture  splintery.  Frag- 
ments cubic,  or  inclining  to  that  form  ;  their  faces  un- 
polished. Lustre  2.  Transparency  partly  2,  partly  i. 
Hardness  9.  Specific  gravity,  3.081.  Colour  reddish 
brown.    Does  not  melt  at  160°  Wedgewood. 

Sp.  13.  Felsitef. 
Compact  felspar. 
This  stone  also  forms  a  part  of  many  mountains,  and 
is  amorphous.    Texture  somewhat  foliated.    Fracture  I 
uneven,  approaching  to  the  splintery.  Lustre  i.  Trans-  ^ 
parency  scarce  i.    Hardness  9.    Colour  azure  blue,' 
and  sometimes  brown  and  green.    Streak  white.  Be- 
fore the  blow-pipe  whitens  and  becomes  rifty ;  but  is  : 
infusible  per  \>e. 

Genus  VIIL  Snaw. 
5^.  1.  Pimelite. 

The  mineral  distinguished  by  this  name  is  an  earthy 
substance,  of  an  apple  green  colour,  which  accompanies 
the  chrysopase  of  Tkosemiitz.  Klaproth  has  analysed 
it,  and  found  it  composed  of  the  following  ingredients. 

35.00  silica 
15.62  oxide  of  nickel 
5.00  alumina 
4.58  oxide  of  iron 
1.25  magnesia 
37.91  water 
99-36t 


*  Kirwan,  i.  325.  \  Ibid.  326.  %  Jour.dt  Fbys.  liL  39. 


FELSPAR. 

GenusIX.    Sap.  '''1'';^^' 
Sp.  1.  Felspar*. 
'This  stone  forms  the  principal  part  of  many  of  the 
highest  mountains.    It  is  commonly  crystallized.    Its  Crystals. 
>rimitive  form,  according  to  De  Lisle,  is  a  rectangular 
jDrism,  whose  bases  are  rhombs,  with  angles  of  6j°  and 
115°.    Sometimes  the  edges  of  the  prism  are  wanting, 
imd  faces  in  their  place  ;  and  sometimes  this  is  the  case 
iho  with  the  acute  angles  of  the  rhomb.    For  a  de- 
scription and  figure  of  these,  and  other  varieties,  the 
reader  is  referred  to  Rome  de  Lisle  f,  Mr  HaiiyXi  ai^d 
Mr  Ptnt§. 

Its  texture  is  foliated.  Its  cross  fracture  uneven.  Properties, 
•"ragments  rhomboidal,  and  commonly  smooth  and  po- 
ished  on  four  sides.  Lustre  of  the  polished  faces  often 
\.  Transparency  from  3  to  i.  Hardness  9  to  10.  Spe- 
cific gravity  from  2.437  to  2.7.  Gives  a  peculiar  odour 
vhen  rubbed.  It  is  made  electric  with  great  difficulty 
jy  friction.  Fusible  per  st^  into  a  more  or  less  trans- 
parent-glass.  When  crystallized,  it  decrepitates  before 
Ihe  blow- pipe. 

Variety  i.    Pure  felspar,    Moonstojie — Adularia. —  . 
^  .    .  .  Varieties. 

7his  is  the  purest  felspar  hitherto  found.    It  occurs  in 

jjcylon  and  Switzerland  ;  and  was  first  mentioned  by 

»1tlr  Sage.    Lustre  nearly  3.    Transparency  2  to  3. 

Hardness  10.    Specific  gravity  2.559.    Colour  white; 

lometirnes  with  a  shade  of  yellow,'green,  or  red.  Its 

mrface  is  sometimes  iridescent. 

Variety  %.    Common  felspar.    Lustre  of  tlie  cross 


*  Kirvvan,  i.  316.  and  Jour.de  Phys.  passim. 

\  Crystall.  ii.  461.  \  Mem.  Par.  1784,  p.  273. 

^  Sur  de  NouvcUe  Crystallisation,  &c.  8. 
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Cl^ss  I.     fracture  o  ;  of  the  fracture,  in  the  direction  of  the  la- 

Ordcr  I. 

  miiije,  from  3  to  i.  Transparency  2  to  i.   Colour  most 

commonly  flesh  red}  but  often  bluish  grey,  yellowish 
white,  milk  white,  brownish  yellow;  and  sometimes 
blue,  olive  green,  and  even  black. 

Variety  3.  Labradore  felspar, — This  variety  was  dis- 
covered on  the  coast  of  Labradore  by  Mr  Wolfe ;  and 
since  that  time  it  has  been  found  in  Europe.  Lustre  2 
to  3.  Transparency  from  i  to  3.  Specific  gravity  from 
2.67  to  2.6925.  Colour  grey.  In  certain 'positions, 
spots-  of  it  reflect  a  blue,  purple,  red,  or  green  colour. 

Variety  4.  Continuous  felspar. — This  variety  most 
probably  belongs  to  a  different  species  ;  but  as  it  has  not 
hitherto  been  analysed,  I  did  not  think  myself  at  liberty 
to  alter  its  place. 

It  is  found  in  large  masses.  Texture  earthy.  Frac- 
ture uneven,  sometimes  splintery.  Lustre  o.  Trans- 
parency I.  Hardness  10.  Specific  gravity  2.609.  Co- 
lour reddish  grey,  reddish  yellow,  flesh  red. 

A  specimen  of  green  felspar  from  Siberia,  analysed 
ComposI-     by  Vauquelin,  contained  ,62.83  silica, 

17.02  alumina, 
16.00  potass, 
3. CO  lime, 
1.00  oxide  of  iron. 


99.85  * 

Sp.  2.    Lepldolite  f . 
Lilalite. 

'This  stone  appears  to  have  been  first  observed  by  the 


♦  Ann.  de  GUm.  XXX.  lo6. 

t  Kirwan,  i.  208.— Karsten,  Beob,  dcr  Berlin,  5  Baiid.  71.— Klaproth's 
Bcitrage,  i.  379.  and  ii,  191. 


LEPIDOLITE. 
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\bbe  Pocia,  and  to  have  been  first  described  by  De   Genus IX. 

;     .    Hitherto  it  has  only  been  found  in  Moravia  Spetiesii. 

'.  Germany,  and  Suderniania  in  Sweden  f .    There  it  is  ^ 

lix.  d  with  granite  in  large  amorphous  masses.    It  is  Properties. 

omposed  of  thin  plates,  easily  separated,  and  not  unlike 

iose  of  mica  ^.    Lustre,  pearly  3.    Transparency  be- 

veen  i  and  2.    Hardness  4  to  5.    Not  easily  pulve- 

sed  ^.    Specific  gravity  from  a-8i6  ||  to  2.8549^. 

Joiour  of  the  mass,  violet  blue  •,  of  the  thin  plates, 

ilvery  white.  Powder  white,  with  a  tint  of  red  Be- 

re  the  blow-pipe,  it  froths,  and  melts  easily  into  a  white 

:5emitransparent  enamel,  full  of  bubbles.    Dissolves  in 

iborax  with  effervescence,  and  communicates  no  colour 

tto  it  tf.    Effervesces  slightly  wiih  soda,  and  melts  into 

la  mass  spotted  with  red.    With  microcosmic  salt,  it 

ogives  a  pearl-coloured  globule  ±|. 

^rhis  stone  was  first  called  Iilalij:e  from  its  colour,  that 

fof  the  liiy.    Klaproth,  wlio  discovered  its  component 

iparts,  gave  it  the  name  of  lepidohtc 

It  is  composed  of       53  silica,  Composi- 

,      .  tion. 
20  alumina, 

iS  potass, 

^  5  fluat  of  lime, 

3  oxide  of  manganese, 

I  oxide  of  iron. 


«  Crell's  Annals,  1791,  ii.  196.  +  Beyer,  Ann.'de  Cb'iK.  xxix.  ic8. 

\  Le  Lievrc,  Jour.  ,le  M:n.  No.  li.  219.  §  Ibid.  ||  Klaproth. 
«]  Hauy.  Le  Lievre,  Jour,  dc  Mm.  No.  Ii.  219.         \\  Ibid. 

\  \  Klaproth,  Ann,  dt  Chim.  xxii.  37. 

\\  That  is,  icale  stone,  or  stone  composed  of  scales:  From  ih: 
icalc  of  a  ftih,  and  \/6of ,  a  stone. 

II  ]|  Vauquclln,  Ann,  da  Cb  m.  xxx.  105. 
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Crystals, 


Sde/i.  ^      .  Leucite*. 

'—■V  '  ■■'         F'fj  uviati  oiViixwzw — White  garnet  of 

This  stone  is  usually  found  in  volcanic  productions, 
and  is  very  abundant  in  the  neighbourhood  of  Vesuvius. 
It  is  always  crystallized.  The  primitive  iorm  of  its  cry- 
stals is  either  a  cube  or  a  rhomboidal  dodecahedron,  and 
its  integrant  molecules  arc  tetrahedrons  ;  but  the  varie- 
ties hitherto  observed  are  all  polyhedrons.  The  most 
common  has  a  spheriodal  figure,  and  is  bounded  by  24 
equal  and  similar  trapezoids  ;  sometimes  the  faces  are 
12,  18,  36,  54,  and  triangular,  pentagonal,  Sec.  For 
a  description  and  figure  of  several  of  these,  I  refer  the 
reader  to  Mr  Hauy  f .  The  crystals  vary  from  the  size 
of  a  pin  head  to  that  of  an  inch. 
Properties.  "pjjg  texture  of  the  leucite  is  foliated.  Its  fracture 
somevirhat  conchoidal.  Lustre  3  ;  when  in  a  state  of 
decomposition  o.  Transparency  3  to  2  ;  when  decom- 
posing  o.  Hardness  8  to  10  j  when  decomposing  5  to  6. 
Specific  gravity  2.4648.  Colour  white,  or  greyish 
white  X-  Its  powder  causes  syrup  of  violets  to  assume 
a  green  colour 

It  is  composed,  as  Klaproth  has  shewn,  of 
54  silica 


Composi- 
tion. 


t23  alumina 
22  potass 


99\ 

It  was  by  analysing  this  stone  that  Klaproth  disco- 


*  Kirwan,  i.  285.  f  J°'"''  ^'  Min.  No.  xxvii.  i8j. 

}  Hence  the  name  leucite,  from  Xfuxor,  •white. 
§  Vauquclin,  Jour.Je  '/T/V.  No.  xxxix.  165. 

tl  See  Jour,  dc  Min.  No.  xxvii  194.  and  %ox.  and  Klaproth's  Beitragc, 
ii.  39. 
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ered  the  presence  of  potass  in  the  mineral  kingdom ;  ^GenusX. 
l  i^hich  is  not  the  least  important  of  the  numerous  disco-  Spcdes  L 
series  of  that  accurate  and  illustrious  chemist. 

Leucite  is  found  sometimes  in  rocks  which  have  never 
ceen  exposed  to  volcanic  fire ;  and  Mr  Dolomieu  has 
:;ndered  it  probable,  from  the  substances  in  which  it  is 
.ound,  that  the  leucite  of  volcanoes  has  not  been  formed 
yy  volcanic  fire,  but  that  it  existed  previously  in  the 
:)cks  upon  which  the  volcanoes  have  acted,  and  that 
was  thrown  out  unaltered  in  fragments  of  these 
:ocks  *. 

^Sp.  4.    White  Chlorite. 
This  is  a  mineral  composed  of  brilliant  scales  of  a 
:  Ivery  white  colour,  very  soft,  and  when  rubbed  upon 
ither  bodies,  leaving  a  powder  resembling  the  scales  of 
ssh.  ^mell  argillaceous.  Water  in  which  it  is  agitated 
becomes  alkaline.    Before  the  blow-pipe,  melts  into  a 
rreenish  white  enamel.    When  calcined,  loses,  0.06  of 
ss  weight,  and  becomes  reddish.  It  is  composed  of 
56  silica 
18  alumina 
8  potass 

3  lime 

4  oxides  of  iron  and  manganese 
6  water 

95  t 

Genus  X.  Sag. 
S/).  I.  Emerald:}:. 
This  stone  has  hitherto  been  only  found  crystallized. 


Jour,  de  Mm.  No.xxxix.  177.  f  Vauquelin,  "Jour,  de  Phys.\\\.%j^^. 
:  Kirwan,  i.  247.  and  248. — Dolomieu,  Magu^in  Encydopxdique,  ii.  17. 
li  145.;  and  Jour.de  iVI/«.  No.  xviii.  19. — Klaproth's  Beitragc,  ii.  la. 
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SIMPLE  STONES. 


Class  r. 
Order  I. 

Crystals^ 


Properties. 


Emerald. 


The  primitive  form  of  its  crystals  is  a  regular  six-sided 
prism ;  and  the  form  of  its  integrant  molecules  is  a  tri- 
angular prism,  whose  sides  are  squares,  and  bases  equila- 
teral triangles  *.  The  most  common  variety  of  it6  cry- 
stals is  the  regular  six-sided  prism,  sometimes  with  t'e 
edges  of  the  prism',  or  of  the  bases,  or  the  solid  angles, 
or  both  wanthig,  and  small  faces  in  their  place  f.  The 
sides  of  the  prism  are  generally  channelled. 

Its  texture  is  foliated.  Its  fracture  conchoidal. 
Lustre  usually  from  3  to  4.  Transparency  from  2  to  4. 
Causes  a  double  rafraction.  Hardness  12.  Specific 
gravity  2.65  to  2.775.  Colour  green.  Becomes  elec- 
tric by  friction,  but  not  by  heat.  Its  powder  does  not 
phosphoresce  when  thrown  on  a  hot  iron  :|:.  At  150' 
Wedgewood  it  melts  into  an  opaque  coloured  mass. 
According  to  Dolomieu,  it  is  fusible  per  se  by  the  blow- 
pipe §. 

This  mineral  was  formerly  subdivided  into  two  distinct 
species,  the  emerald^  and  beryl  or  aquu  marina.  Hiuy 
demonstrated,  that  the  emerald  and  beryl  corresponded 
exactly  in  their  structure  and  properties 5  and  Vauquelin 
found  that  they  were  composed  of  the  same  ingredients: 
henceforth,  therefore,  they  must  be  considered  as  va- 
rieties of  the  same  species. 

The  variety  formerly  called  eriicrald  varies  in  colour 
from  the  pale  to  the  perfect  green.  It  comes  chiefly 
from  Peru  ;  some  specimens  have  been-  brought  from 
Egypt.  Dolomieu  found  it  in  the  granite  of  Elba. 
When  heated  to  120'^  "Wedgewood,  it  becomes  hluh 


*  I^auy,  your,  d:  Min.  No.  xix.  72.' 

I  Rome  de  Lisle,  ii.  445.  and  Haiiv,  ibid. 

^  Dolomieu,  Jot/f.  de  Min.  No.  xviii.  19. 


{  IlHd. 


EMERALD 


— 'EUCLASE. 


recovers  its  colour  when  cold.    A  specimen,  ana-    Genus  x. 

Sag. 

:d  by  Vauquelin,  was  composed  of  Species  IL 

64,60  silica,  *' 
14.00  alumina, 
13.00  glucina, 

3.50  oxide  of  chromum, 

2.56  lime, 

2.00  moisture  or  other  volatile  ingredient. 
99.66  * 

The  beryl  is  of  a  greyish  green  colour,  and  sometimes  BeryL 
lie,  yellow,  and  even  white  :  somtimes  different  co- 
virs  appear  in  the  same  stone  f.  It  is  found  in  Ceylon, 
.Terent  parts  of  India,  Brazil,  and  especially  in  Siberia 
•id  Tartary,  where  its  cryftals  are  sometimes  a  foot 
mg  \,  A  specimen  of  beryl,  analysed  by  Vauquelin, 
.)ntained  69  silica, 

13  alumina, 
16  glucina, 

1-5 

,     99-5  § 

It  was  by  analysing  this  stone  that  Vauquelin  disco- 
:  ,red  the  earth  which  he  called  glucina. 

Sp.  2. '  Euchse. 

This  stone,  which  has  lately  been  brought  from  Peru. 

Dombey,  was  at  first  confounded  with  the  emerald 
11  account  of  its  green  colour.  The  primitive  form  of 
ss  crystals  is  a  rectangular  prism,  whose  bases  are 
j|uares.    It  is  very  brittle  ;  sufficiently  hard  to  scratch 


*  Ann.  de  Cbim.  XXVI.  264.  f  Dolomieu,  ibid.  \  Ibid, 

Ann.  de  CL  'm,  xxxwui. 


SIMPLE  STONES.' 


Class  I. 
Order  I. 


fropertics. 


quartz.  Transparency  considerable.  Causes  double 
refraction.  Specific  gravity  3.0625.  Fusible  by  tlie 
blow-pipe  into  a  white  enamel.  A  small  specimen, 
analysed  by  Vauquelin,  yielded  tlie  following  ingre.. 
dients  36  silica 

23  alumina 

15  glucina 
5  o^dde  of  iron 


79 


The  loss,  which  amounts  to  21,  was  probably  owing  to 
the  presence  of  an  alkali,  which  the  smallness  of  the 
specimen  analysed  did  not  permit  Vauquelin  to  ascer- 
tain. 

Genus  XI.  Sab. 
Sp.  I.  Staurolitef. 
Andreolite  of  Lametherie  andHauy — Hyacinthe  hlancht 
cruciformey  var.  9.  of  Rome  de  Lisle. 

This  stone  has  been  found  at  Andreasberg  in  the 
Hartz.  It  is  crystallized,  and  the  form  of  its  crystals 
has  induced  mineralogists  to  give  it  the  name  of  cross- 
stone.  Its  crystals  are  two  four-sided  flattened  prisms, 
terminated  by  four-sided  pyramids,  intersecting  each 
other  at  right  angles  ;  the  plane  of  intersection  passing 
longitudinally  through  the  prisms  J. 

Its  texture  is  foliated.  Its  lustre  waxy,  2.  Trans- 
parency from  1  to  3.  Hardness  9.  Brittle.  Speci- 
fic gravity  2.355  to  2.361.  Colour  milk  white.  When 
heated  slowly,  't  loses  0.15  or  0.16  parts  of  its  weight, 
and  falls  into  powder.    It  eiFervesces  with  borax  and 


*  "Jcur.  de  PLiyt.  Hi.  3 1 7.  f  Kirwan,  i.  s8s. 

J  See  also  Gillot,  Jour,  de  Pl>ys.  1 793,  p.  i.  and  a. 
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iicrocosmic  salt,  and  is  reduced  to  a  greenish  opaque    Genus  XII 

iiass.    With  soda  it  melts  into  a  frothy  white  enamel,  spedes'i. 

,Vhen  its  powder  is  thrown  on  a  hot  coal,  it  emits  a  '  " 

rreenish  yellow  light*. 

A  specimen  analysed  by  Westrum  was  composed  of 

44  silica  Composi- 
tion. 

20  alumina 
-^o  barytes 
16  water 

100 

Klaproth  found  the  same  ingredients,  and  nearly  in 
lie  same  proportions f. 

A  variety  of"  staurolite  has  been  found  only  once  ;  Varletf. 
jhich  has  the  following  properties. 

Its  lustre  is  pearly,  2.  Specific  gravity  a. 361.  Co- 
i)ur  brownish  grey.  With  soda  it  melts  into  a  purplish 
'nd  yellowish  frothy  enamel.  It  is  composed,  according 
:o  Westrum,  of    47.5  silica 

12.0  alumina 
30.O  barytes 
16.0  water 
4.5  oxides  of  iron  and  manganese 

IGO.O 

Genus  XII.    i.  asl. 
Sj}.  I.    Chrysoberyl j:. 
i^riental  chrysolite  of  jewellers — Cyviophane  of  Hauy— 
Chrysopal  of  Delametherie. 
Hitherto  this  stone  has  been  found  only  in  Brazil,  the 


*  Hauy,  Jour,  de  Min.  No.  xxviii.  380.  f  Bcitrage,  ii.  80. 

\  Kirwan,  i.  261. 
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SIMPLE  STONES. 


Class  T.     island  of  Ceylon,  and  as  some  affirm  near  Nortschink 

Order        .       .      .  ...  . 

Vx— v'-^   in  Siberia.    Werner  first  made  it  a  distinct  species,  and 

gave  it  the  name  which  it  now  bears.  It  is  usually 
found  in  round  masses  about  the  size  of  a  pea,  but  it  ig 
Crystals.  sometimes  also  crystallized.  The  primitive  form  of  its 
crystals  is  a  four-sided  rectangular  prism,  whose  height 
is  to  its  breadth  as  \/3  to  i,  and  to  its  thickness  as 
to  1.  The  only  variety  hitherto  observed  is  an  eight- 
sided  prism,  terminated  by  s'x- sided  summits.  Two  of 
the  faces  of  the  prism^are  hexagons,  two  are  rectangles, 
and  four  trapeziums  ;  two  faces  of  the  summits  are  rect- 
angles, and  the  other  four  trapeziums.  Sometimes  two 
of  the  edges  of  the  prism  are  wanting,  and  small  faces 
in  their  place  *. 

Properties.  Its  texture  is  foliated.  Laminae  parallel  to  the  faces 
of  the  prism.  Lustre  3  to  4.  Transparency  3  to  4. 
Causes  single  refraction.  Hardness  12.  Specific  gra. 
vity  from  3.698  f  to  3-7961 1-  Colour  yellowish  green, 
surface  sparkling.  It  is  infusible  by  the  blow-pipe  ^fr 
jf,  and  with  soda. 

A  specimen  of  clirysoberyl,  analysed  by  Klaprotb, 
•was  composed  of       71.5  alumina 

18.0  silica 
6.0  lime 

1.5  oxide  of  iron 


97-0§ 

^  Genus  XIII.    2.  sal. 

2.    Hyalite  II . 
This  stone  is  found  frequently  in  Irap.    It  occurs 
in  grains,  filaments,  and  riiomboidal  masses.  Texture  fo- 


*  Hauy.  7oi'r.  de  Min.  No.  xxi.  5.  t  Werner.  \  Hany 
§  Beitrage,  i.  loj.  II  Kirwan,  i.  %^f>. 
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liated.  Fracture  uneven,  inclining  to  conchoidal.  Lustre  Genus  XII. 
glassy*,  3  to  3.  Transparency  2  to  3  *,  sometimes,  tlio'  Species  III. 
seldom,  it  is  opaque.  Hardness  9.  Specific  gravity 
2.1  If.  Colour  pure  white.  Infusible  at  150°  Wedge- 
wood  ;  but  it  yields  to  soda:[:.  According  to  Mr  Link, 
it  is  composed  of    57  silica 

18  alumina 

15  lime 

90  and  a  very  little  iron  § 

Sfi.  S'  i^delitell. 
This  stone  has  hitherto  been  found  only  in  Sweden 
at  Mosseber^  and  ^dcl'brs.    From  this  lasr  place 
Mr  Kirwan,  who  first  made  it  a  distinct  species,  has 
given  it  the  name  of  aedelite.    It  was  first  mentioned 
by  B^ergman^.    Its  form  is  tuberose  ajid  knotty.  Tes- 
:  ture  striated  5  sometimes  resembles  quartz.  Lustre 
■from  o  to  1.    Specific  gravity  2.515  after  it  has  ab- 
sorbed water**.    Colour  light  grey,  often  tinged  red; 
:'also  yellowish  brown,  yellowish  green  and  green.  Be- 
.fore  the  blow- pipe  it  intumesces  and  forms  a  frothy 
iiuass.    Acids  convert  it  into  a  jelly  ff.    A  specimen 
ifrora  Mosseberg,  analysed  by  Bergman,  contained 

69  silica 
20  alumina 
8  lime 
3  water 


ICO  XX 


*  Hence  probably  the  name  hyalite,  which  was  imposed  by  Werner 
ffrom  'va>.i,-  gljts,  anj  XiSa^  ailoiie. 

t  Kirwp.n.  fid.  §  Crell's  Annals,  1-90,  a  Band.  a3z. 

II  Kirwan,  i.  Z'^:.  \  Opusc.  vi.  loi. 

*  *  Kirwan,  i.  276.         \  \  Bergman,  iii.  aa;.         |j:  vi.  loi.. 


4^0  SIMPLE  STONES. 

Class  I.        A  specimen  from  -<Tldelfors  yielded  to  the  same  che- 

Ordur  I.         .  ,  ... 

mist  62  Silica 

18  alumina 
16  lime 
,  4  water 


100 ' 


Sp.  4.  Scapolite. 
This  mineral  has  been  found  at  Arendal  in  Norway. 
It  is  of  a  pearl  white  colour,  and  is  crystallized  in  long 
rectangular  prisms.    Its  specific  gravity  is  3.680,  and 
it  is  hard  enough  to  scratch  glass. 

According  to  Abelgaard,  it  is  composed  of 
38  silica 
30  alumina 
14  lime 
I  oxide  of  iron 
3  water 


95  t  . 

Genus.  XII.    3.  sawl. 
Sj).  5.    Zeolite  |. 
This  stone  was  first  described  by  Cronstedt  in  the 
Stockholm  Transactions  for  1756.    It  is  found  some- 
Grystals.      times  amorphous  and  sometimes  crystallized.  The  pri- 
mitive form  of  its  crystals  is  a  rectangular  prism,  whose 
bases  are  squares.  The  most  common  variety  is  a  long 
four-sided  prism,  terminated  by  low  four-sided  pyra- 
mids §. 

*  Ofiusc.  VI.  lOI.  t  Joiir.  di  rb^s.  HL  33. 

}  Kirwan,  1.278. — Giiettard,  iv.  637. — Bucquet,  Mem.  Sav.  Elrar.:- 
ix.  576. — Pelletier,  Jni^r.  de  Pbys.  XX.  420, 
§  Hauy,  Jour,  de  Mm.  No.  xiv.  86. 
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ZEOLITE — STILBITE.  4^^ 

Its  texture  is  striated  or  fibrous.    Its  lustre  is  silky,  Genus  Xli. 

3.sAwr.. 

rem  3  to  I.    Transparency  from  2  to  4  ;  sometimes  Species  VI. 

Hardness  6  to  8  ;  sometimes  only  4.  Absorbs  properties, 
r/ater.  Specific  gravity  2.07  to  2.3.  Colour  white, 
I'ften  with  a  shade  of  red  or  yellow  ;  sometimes  brick 
ced,  green,  blue.  When  heated,  it  becomes  electric  like 
ihe  tourmaline  *.  Before  the  blow-pipe  it  froths f,  e- 
inits  a  phosphorescent  light,  and  melts  into  a  white  se- 
naitransparent  enamel,  too  soft  to  cut  glass,  and  soluble, 
n  acids.  In  acids  it  dissolves  slowly  and  partially  with- 
liit  effervescence;  and  at  last,  unless  the  quantity  of  li- 
luid  be  too  great,  it  is  converted  into  a  jelly. 

A  specimen  of  zeolite  J,  analysed  by  Vauquelin,  con- 
tained  c  3. 00  silica  Composi- 

.  tion. 
27.00  alumina 

9.46  lime 
10.00  water 


\  ^9-46  § 

Sj).  6.  Stilbite. 
This  stone  was  first  formed  into  a  distinct  species  by 
Ilr  Hauy.    Formerly  it  was  considered  a's  a  A^ariety  of 
teolite. 

The  primitive  form^f  its  crystals  is  a  rectangular  Crystals, 
irism,  whose  bases  are  rectangles.  It  crystallizes  some- 
mes  in  dodecahedrons,  consisting  of  a  four-sided  prism 


*  Hauy,  Joar.  de  Min.  No.  xxviii.  5176.  , 

f  Hence  the  name  zeolite,  given  to  ^this  mineral  by  Cronstcdt ;  from 
sa  to  ftrmetit,  and  MO^f  a  stone, 

\  Dr  Black  was  accustomed  to  mention,  in  the  course  of"  his  lectures, 
taiat  Dr  Hutton  had  discovered  jotla  in  zeolite.  '  This  discovery  has  not 
(itherto  been  verified  by  any  other  cliemical  mineralogist. 
§  Jour.  Se  Min.  No.  xliv.  576.  ' 

Vol.  III.  H  h 


SIMPLE  STONES. 


Class  I.  with  hexagonal  faces,  terminated  by  four-sided  sum- 
Order  I.  . 

u  y  I  mits,  whose  faces  are  oblique  parallelograms  ;  some- 
times in  six-sided  prisms,  two  of  whose  solid  angles  are 
wanting,  and  a  small  triangular  face  in  their  place*. 

Properties.       Its  texture  is  foliated.    The  laminae  are  easily  sepa. 

rated  from  each  other,  and  are  somewhat  flexible. 
Lustre  pearly,  2  or  3  f.  Hardness  inferior  to  that  of 
zeolite,  which  scratches  stilbite.  Brittle.  Specific  gra- 
vity 2.500I.  Colour  pearl  white.  Powder  bright  white, 
sometimes  with  a  shade  of  red.  This  powder,  when  ex- 
posed to  the  air,  cakes  and  adheres  as  if  it  had  absorb, 
ed  water.  It  causes  syrup  of  violets  to  assume  a  green 
colour.  When  stilbite  is  heated  in  a  porcelain  crucible, 
it  swells  up  and  assumes  the  colour  and  semitransparen- 
cy  of  baked  porcelain.  By  this  process  it  loses  0.185 
of  its  weight.  Before  the  blow-pipe  it  froths  like  bo- 
rax,  and  then  melts  into  an  opaque  white  coloured  en- 
amel § . 

According  to  the  analysis  of  Vauquelin,  it  is  com- 

Composi-     posed  of  ^2.0  silica 

17.5  alumina 
9.0  lime 
18.5  water 


ticn. 


Sp.  7.  Chabasie. 
This  mineral,  which  was  first  separated  from  the  suc- 
ceeding species  by  Bosc  d'Antic  and  Hauy,  is  found  at 


*  Hauy,  Jour  de  Min.  No.  xiv.  86. 

\  Hence  the  name  given  to  this  mineral  by  Hzuy,  itUiite,  from  (t'ixCo 
to  sLinc, 

\  Hauy,  Ibid.  No.  xxviii.  276.  §  Vauquelin,  Ibid.  No.  xxiis.  161. 

*i  Ibid.  164. 


ANALCIME 


— LAZULITE. 


j  )berstein  in  Germany.    It  has  a  white  colour,  and  la-  ^"^""g* 
linated  texture.    The  primitive  form  of  its  crystals  is  SpecieslX. 
rhomboid  slightly  obtuse.    Specific  gravity  a.1176.  * 
-carcely  scratches  glass. 

Sp.  8.  Analcime. 
This  stone,  which  was  discovered  by  Mr  Dolomieu, 
3  found  crystallized  in  the  cavities  of  lava..  It  was  first 
made  a  distinct  species  by  Mr  Hauy.  Mineralogists 
aad  formevl}'-  confounded  it  with  xeolite. 

Ihe  primitive  form  of  its  crystals  is  a  cube.    It  is  Crystals, 
fometimes  found  crystallized  in  cubes,  whose  solid  an- 
gles are  wanting,  and  three  small  triangular  faces  in 
Mace  of  eachj  sometimes  in  polyhedrons  with  24  faces, 
tt  is  usually  somewhat  transparent.    Hardness  about 
;  scratches  glass  slightly.    Specific  gravity  above  3. 
When  rubbed,  it  acquires  only  a  small  degree  of  electri- 
ity,  and  with  difficulty*.  Before  the  blow-pipe  it  melts 
vithout  frothing  into  a  white  semitransparent  glass  f . 

Genus  XII.    4.  sla. 

Sp.  9.    Lazullte  J. 

This  stone,  which  is  found  chiefly  in  the  northern 
(jarts  of  Asia,  has  been  long  known  to  mineralogists  by 
!he  name  of  lapii  la%uli.  This  term  has.  been  contract- 
ed into  lazulite  by  Mr  Hauy ;  an  alteration  ^vhich  was 
ertainly  proper,  and  which  therefore  I  have  adopted. 

Lazullte  is  always  amorphous.  Its  texture  is  earthy.  Properties, 
ts  fracture  uneven.    Lustre  c.   Opaque,  or  nearly  so. 
-lardness  8  to  9.  Specific  gravity  2.76  to  2.945  §•  ^o- 


*  Hence  the  name  analcUne  given  it  by  Hauy,  from  av«\x(f  -weai. 
+  Hauy,  Jour,  de  Mln.  No.  xiv.  86.  and  xxviii.  278. 
\  Kirwnn,  i.  283.  §  Brisson. 
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SIMPLE  STONES. 


Class  I. 
Order  I. 


Composi- 
tion. 


Crystals. 


lour  blue  *  ;  often  spotted  white  from  specks  of  quartz, 
and  yellow  from  particles  of  pyrites. 

It  retains  its  colour  at  ioo°  Wedgewood  ;  in  a  high- 
er heat  it  intumesces,  and  melts  into  a  yellowish  black 
mass.  With  acids  it  effervesces  a  little,  and  if  previ- 
ously  calcined,  forms  with  them  a  jelly. 

MargrafF  published  an  analyses  of  lazulite  in  the  Ber- 
lin Memoirs  for  1758.  His  analysis  has  since  been 
confirmed  by  Klaproth,  who  found  a  specimen  of  it  to 

contain  '  .  46.0  silica 

14.5  al^imina 
28.0  carbonat  of  lime 
6.5  sulphat  of  lime 
3.0  oxide  of  iron 
2.0  water 


100. of 

From  the  experiments  of  Morveau,  it  appears  that  v 
the  colouring  matter  of  lazulite  is  sulphuret  of  iron. 

Genus  XIIL  Sali. 
Sp.  I.    Garnet  I . 

This  stone  is  found  abundantly  in  many  mountains-. 
It  is  usually  crystallized.  The  primitive  form  of  its 
crystals  is  a  dodecahedron  whose  sides  are  rhombs,  with 
angles  of  78°  31'  44",  and^i20°  28'  16".  The  inclina- 
tion  of  the  rhombs  to  each  other  is  120°.    This  dode- 


*  Hence  the  name  lazulile,  from  an  Arabian  word  azul,  which  signi- 
fies blue. 

f  Beitrage,  i.  196. 

\  Kirwan,  i.  ajS. — Gerhard,  Dhqulsh'io  Physko-chymica  Granatoru  m, 
&c.— Pasumot,  Joi/r.  de  Pbyi.  iil.  441.— Wiegleb,  Ann.  de  Cbim.'x  231. 
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cahedron  inaj  be  considered  as  a  four-sided  prism,  ter-  GenusXlIl. 
Bminated  by  four-sided  pyramids  *.    It  is  divisible  into    Species  7. 
four  par  allelopipeds,  whose  sides  are  rhombs;  and  each  " 
af  these  may  be  divided  into  four  tetrahedrons,  whose 
sides  are  isosceles  triangles,  equal  and  similar  to  either 
the  halves  into  which  the  rhomboidal  faces  of  the  do- 
^^ecahedron  are  divided  by  their  shorter  diagonal.  The 
^integrant  molecules  of  garnet  are  similar  tetrahedrons  f. 
^Sometimes  the  edges  of  the  dodecahedron  are  wanting, 
and  small  faces  in  their  place  ;  and  sometimes  garnet  is 
crystallized  in  polyhedrons,  having  24  trapezoidal  faces. 
For  a  description  and  figure  of  these,  and  other  varieties 
of  garnet,  the  reader  is  referred  to  Rome  de  Lisle  and 
Hauy  t- 

The  texture'  of  garnet,  as  Bergman  first  shewed,  is  Properties, 
ooliated  §.  Its  fracture  commonly  conchoidal.  Inter- 
.lal  lustre  from  4  to  2.  Transparency  from  2  to  4  ; 
iometimes  only  1  or  o.  Causes  single  refraction  ||. 
Hardness  from  10  to  14.  Specific  gravity  3.75  to 
i^.iSS.  Colour  usually  red.  Often  attracted  by  the 
iTiagnet     Fusible  per  se  by  the  blow-pipe. 

Variety  1.  Oriental  garnet  **, — Internal  lustre  3  to  Varieties. 
\\.    Transparency  4,    Hardness  13  to  14.  Specific  gra- 
.vity  4  to  4.188.    Colour  deep  red,  inclining  to  vio- 
et  tt- 


*  Rome  De  Lisle,  ii.  322.  and  Hauy,  Ann.  de  Chim.  xvii.  305.' 

I  Hauy,  Ibid.  306.  t  Ibid.  5  Opusc.  ii.  9. 

II  Hauy,  Jour,  dc  M'ln.  No.xxvlii.  260. 

**  This  seems  to  be  the  carbuncle  («v9^a^)  of  Theophrastus,  and  the 
■:arbuncvlus  garamantkui  of  Other  ancient  writers. — See  Hill's  Tbcophrastus, 
r-.fi  A.i6«v,  p.  74.  and  77. 

tl  Hence,  according  to  many,  the  name  ^^-crwf/  (in  hzt'in  granatus ),  horn 
"Jie  resemblance  of  the  stone  in  colour  to  the  blossoms  of  the  pomegranate, 
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4S()  SIMPLE  STONES, 


Older  I 
V- — ^— — ' 


n'.^^'r  Variety  2.  Common  garnet  Fracture  uneven,  in- 
clining to  theconchoidal.  Internal  lustre  a  to  3.  •  Trans, 
jjaiency  from  3  to  o.  Hardness  10  to  11  ;  sometimes 
only  9.  Specific  gravity  3.75  to  4.  Colour  common- 
ly deep  red,  inclining  to  violet :  sometimes  verging  to. 
wards  black  or  olive;  sometimes  leek-green,  brown, 
yellow. 

Variety^.  Amorphous  garnet — Structure  slaty.  Lus- 
tre -2.    Transparency  2  to  i.  Hardness  11  to  12.  Spe- 
cific gravity  3.89.    Colour  brownish  or  blackish  red. 
Found  in  Sweden,  Switzerland,  and  the  East  ladies. 
A  specimen  of  oriental  garnet,  analysed  by  Klaprcth, 

contained   35*75  silica 

27.25  alumina 
36.00  oxide  of  iron 
0,25  oxide  of  manganese 


Composi- 
tion. 


99.25  * 

A  specimen  of  red  garnet,  analysed  by  Vauquelin, 

contained  52.0  silica 

20.0  alumina 
17.0  oxide  of  iron 
7.7  lime 


96.7! 

Sfi.  2.  Pyrop. 
This  mineral,  which  is  found  in  Saxony  and  Bohemia, 
has  been  lately  separated  from  the  garnet  by  Werner, 
and  made  a  distinct  species,  "it  is  never  found  crystal- 
lized, but  only  in  round  or  angular  fragments,  usually 


*  Beitrage,  ii.  16. 


f  Jour,  dc  M'ln.  No.xliv.  575. 
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•Tiall.    Colour  deep  red*,  which  passes  to  orange  Genus Xiil. 

hen  the  mineral  is  exposed  to  the  sun.    Very  hard.  Spcciesiv. 

pecific  gravity  unknown.    Fracture  conchoidal,  and  ' 
:iry  brilliant  f . 

Sp.  3.  Melanite. 
This  mineral  was  formerly  confounded  with  tlie 
aarnet.  It  is  found  at  Frascati  in  Italy,  stuck  in  lava. 
;.:  is  of  a  black  colour,  and  crystallized  like  the  garnet, 
a  a  dodecahedron,  having  its  edges  truncated.  This 
jiineral  was  analysed  by  Vauquelin,  and  yielded 

43  silica 
16  alumina 
20  lime 

16  oxide  of  iron 
4  moisture 

99  t 

Sp.  4.  Thummerstone^. 
7'anolite  of  Lametherie — Axinite  of  Hauy. 
This  stone  was  first  described  by  Mr  Sclireber,  who  History, 
"ound  it  near  Balme  d'Auris  in  Dauphine,  and  gave  it 
...he  name  oijhorl  •vioie  \\.   it  was  afterwards  found  near 
llhum  in  Saxony,  in  consequence  of  which  Werner 
c railed  it  thummerstone. 

It  is  sometimes  amorphous ;  but  more  commonly  Crystals. 
r:rystallized.    The  primitive  form  of  its  crystals  is  a 
rrectangular  prism,  whose  bases  are  parallelograms  with 
wangles  of  101°  32'  and  78°  28' •  The  most  },isual  va- 


*  Hence  the  name  -rvpaySf.  f  Jour,  dc  Pbys,  lii.  227. 

X  Jour,  de  Min.  No,  xliv.  573. 

§  Kirwan,  i.273. — PtUotxr,  Jour.de  Pbys.  ixvi.  66. 
li  Rome  De  X^islc,  ii.  353.         i  Hauy,  jour,  dc  Min.  No.  xxviii.  264. 

yh  4 


488 


SIMPLE  STONES. 


Class  I. 
Order  I. 


Properties. 


Composi- 
tio:i. 


rlely  is  a  flat  rliomboidal  parallelopiped,  with  two  of  its 
opposite  edges  wanting,  and  a  small  face  in  place  of 
each  *.  The  faces  of  the  parallelopiped  are  generally 
streaked  longitudinally. 

The  texture  of  thummerstone  is  foliated.  Its  fracture 
conchoid al.  Lustre  2.  Transparency,  when  cpystalii- 
zed,  3  to  4  ;  when  amorphous,  2  to  1.  Causes  simple 
refractionf.  Hardness  10  to  9.  Specific  gravity  3.2936. 
Colour  clove  brown;  sometimes  inclining  to  red,  green, 
grey,  violet,  or  black.  Before  the  blow-pipe  it  froths 
like  zeolite,  and  melts  into  a  hard  black  enamel.  With 
borax  it  exhibits  the  same  phenomena,  or  even  when 
the  stone  is  simply  heated  at  the  end  of  a  pincer.  ;};. 

A  specimen  of  thummerstone,  analysed  by  Klaproth, 
contained  .....  52.7  silica 

2j.6  alumina 
9.4  lime 

,   9.6  oxide  of  iron  with  a  trace  of 
  manganese 

97-3  § 

A  specimen,  analysed  by  VauqueHn,  contained 
44  silica 

18  alumina 

19  lime 

14  oxide  of  iron 
4  oxide  of  manganese 


99  II 


*  Rjomc  De  Lisle,  ii.  353.  t  Hauy,  Jour.de  Min.  xxviii.  ^64. 

I  VauqueHn,  Jour,  de  Min.  No.  xxiii.  i.  §  Bcitragc,  ii.  126. 

II  Jour,  de  Min.  ibid. 
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Sp.  s-    Prehnite*.  GenusXiiL 
Though  this  stone  had  been  mentioned  by  Sage  f,  S2)eciesV. 
*ome  de  Lisle:}.,  and  other  mineralogists,  Werner  was  fij^^, 
he  first  who  properly  distinguished  it  from  other  mine- 
als,  and  made  it  a  distinct  species.    The  specimen 
-hich  he  examined  was  brought  from  the  Cape  of 
"ilood  Hope  by  Colonel  Prehn  ;  hence  the  name  preb- 
lite,  by  which  he  distinguished  it.    It  was  found  near 
))unbarton  by  Mr  Grotche  §  ;  and  since  that  time  it 
.as  been  observed  in  other  parts  of  Scotland. 

It  is  both  amorphous  and  crystallized.    The  crystals  Crystal^, 
rre  in  groups,  and  confused :  they  seem  to  be  four- 
ided  prisms  with  dihedral  summits  ||.  Sometimes  they 
rre  irregular  six-sided  plates,  and  sometimes  flat  rhom- 
oidal  parallelopipeds. 

Its  texture  is  foliated.    Fracture  uneven.    Internal  Properties 
astre  pearly,  scarcely  2.   Transparency  3  to~2.  Hard- 
ess  9  to  10.  Brittle.   Specific  gravity  2.6969^.  Co- 
)3ur  apple  green,  or  greenish  grey.    Before  the  blow- 
iipe  it  froths  more  violently  than  zeolite,  and  melts  into 
brown  enamel.    A  specimen  of  prehnite,  analysed  by 
Ilaproth,  was  composed  of 

43.83  silica  Compose 

^       .  tion. 

30.33  aiumma 
18.33  lime 

5.66  oxide  of  iron 

1.16  air  and  vi^ater 


99.31  ** 


*  Kinvan,  i.  274. — Hassenfratz,  Jour,  de  Physi  xxxii.  81.— Sage,  ibid, 
xiv.  446. — Klap.  Beoi.der  Berl.  2 Band. 211.;  and  Ann.de  Cbim.i.  201. 
f  Miner,  i.  23a.  \  Crystallog.  ii.  275. 

§  Ann.  do  Cbim.  i,  213.  ||  Hauy,  "jour,  dc  Min.  No.xxviil.  377. 

Hauy,  ibid.  **  Ann,  de  Chini.u  208. 
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Whereas  Mr  Hassenfratz  found  in  another  specimen 
50.0  silica 
20.4  alumina 
23.3  lime 
4.9  iron 
.9  water 
.5  magnesia 

ICO.O  * 

Sp.  6.  Thallite. 
Green  shorl  of  Daupliine  of  De  Lisle  — Delphinite  of 

Saussure. 

This  stone  is  found  in  the  fissures  of  mountains;  and 
hitherto  only  in  Dauphine  and  on  Chamouni  in  the  Alps. 

It  is  sometimes  amorphous,  and  sometimes  crystalli- 
zed. The  primitive  form  of  its  crystals  is  a  rectangu- 
lar prism,  whose  bases  are  rhombs  with  angles  of  114° 
37',  and  65°  23'  X-  The  most  usual  variety  is  an  elon- 
gated four-sided  prism  (often  flattened),  terminated  by 
four-sided  incomplete  pyramids ;  sometimes  it  occurs  in 
regular  six-sided  prisms  §.  The  crystals  arc  often  very 
slender. 

Its  texture  appears  fibrous.  Lustre  inconsiderable. 
Transparency  2  to  3,  sometimes  4  ;  sometimes  nearly 
opaque.  Causes  single  refraction.  Hardness  9  to  ig. 
Brittle.  Specific  gravity  3.4329  to  3.46.  Colour 
dark  greeny.  Powder  white  or  yellowish  green,  and 
feels  dry.    It  does  not  become  electric  by  heat.  Be- 

*  Ann.  de  Cbim.  i.  4o8.  and  Jour,  de  Pbys.  No.  xsxii.  8 1. 

•)■  C.yst.illog.  ii.  401. 

}  Hauy,  Jour,  d:  A  fin.  No.xxviii.  271. 

§  Rome  de  Lisle,  ibid,  and  Hauy,  Jour,  de  Mln,  No.  xxx.  415. 
11  Hence  the  name  tballite,  given  it  by  Lametlierie,  from  ixKWt  ' 
green  leaf. 
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ore  the  blow-pipe,  froths  and  melts  into  a  black  slag.  GemisXiv. 

I.AMS. 

\V"ith  borax  melts  into  a  green  bead  *.  Species  L 

A  specimen  of  lhallite,  analysed  by  Mr  Dcscotils,  "     "  ' 

oontained  37     silica  Composi- 

tiau. 

27  alumina 
1 7     oxide  of  iron 
14  lime 
1.5  oxide  of  manganese 


9^-5  t 

•S"^.  7.  Skorza. 
This  is  a  green  coloured  mineral,  whose  specific  gra- 
'ity  is  3. 35-    Klaproth  found  it  composed  of 
43.00  silicra 
,ai.oo  alumina 
14.00  lime 
16.50  oxide  of  iron 
0.25  oxide  of  manganese 


94-75  i 

Genus  XIV.    i.  ams. 
Sj}.  J.  Cyanite^, 
Sappare  oi  Sanssure. 
This  stone  was  first  described  by  Mr  Saussure  the 
;on,who  gave  it  the  name  of  3appare\\.    It  is  common- 
j  found  in  granite  rocks.    The  primitive  form  of  its  Crystal*. 
:rystals  is  a  four-sided  oblique  prism,  whose  sides  are 
:nclined  at  an  angle  of  IQ3°.  The  base  forms  with  one 


*  TIauy  and  Dcscotils,  Jour,  de  Min.  No.  xxx.  415. 

I  Ibid.  No.  XXX.  420.  t  J""'',  de  Piys.  lii.  39. 

§  Kirwan,  i.  2109. — Sage,  Jour,  de  Fhys,  xxxv.  39. 

il  Jour.de  Phys.jX\Vf.  313. 
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OrTl  I     ^'^^^  °^  '■^^  prism  an  angle  of  x  03*5  with  another,  an  angle 

<  v^—J  of  77°.  It  is  sometimes  crystallized  in  six-sided  prisms*. 

Properties.  jj-g  texture  is  foliated.  Laminae  long.  Fragments 
long,  splintery.  Lustre  pearly,  2  to  3.  Transparency 
of  the  laminae  3.  Causes  single  refraction  '■.  Hardness 
6  to  9.  Brittle.  Specific  gravity  from  3.092  to  3.622!. 
Feels  somewhat  greasy.  Colour  milk  white,  with 
shades  of  sky  or  prussian  blue  § ;  sometimes  bluish 
grey  ;  sometimes  partly  bluish  grey,  partly  yellowish 
ar  greenish  grey. 

Before  the  blow-pipe  it  becomes  almost  perfectly 
white,  but  does  not  melt.  According  to  the  analysis  of 
Saussure,  it  is  composed  of  66.92  alumina 

13.25  magnesia 
12.81  silica 
5.48  iron 
1. 7 1  lime 


Composi- 
tion. 


100.17  Ij. 

Cyanite  has  also  been  analysed  by  Struvius  and  Her- 
mann, who  agree  with  Saussure  as  to  the  ingredients ; 
but  differ  widely  from  him  and  one  another  as  to  the 
proportions. 


Struvius. 

Hermann. 

S'S  •  •  • 

.  .  .  30  alumina 

30-5  •  ■  • 

.  .  .  39  magnesia 

51.5  .  .  . 

4.0  ..  . 

9^-5% 

97  *  * 

♦ 

*  Hauy,  Jour,  de  Min.  No.  xxviiL  282.       f  Hauy,  Ibid. 

§  Hence  the  name  cyuiilte,  imposed  by  Werner. 

y  Jtur.  de  Phys.  xxxiv.  213.  \  QmWs  Annals,  1790. 


\  Kim-an. 
**  Ibii 


\ 
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Genus  XIV.     2.  MSA.  Genus  xv. 

.  M»Al. 

Sp.  2.    Serpentine*.  Species  I. 

This  stone  is  found  in  amorphous  masses.    Its  frac-  p^^^^^JT^ 
..ire  is  splintery.    Lustre  o.    Opaque.    Hardness  6  to 
Specific  gravity  2.2645        2.709.     Feels  rather 
.  jft,  almost  greasy.    Generally  emits  an  earthy  smell 
.>hen  breathed  upon.    Its  colours  are  various  shades  of 
rreen,  jellow,  red,  grey,  brown,  blue  :  commonly  one 
rr  two  colours  form  the  ground,  and  one  or  more  ap- 
pear in  spots  or  veins  f. 
Before  the  blow-pipe  it  hardens  and  does  not  melt. 
A  specimen  of  serpentine,  analysed  by  Mr  Chenevix, 
ontained  .  .  .     34.5  magnesia  ComposI- 
28.0  silica 
23.0  alumina 
4.5  oxide  of  iron 
0.5  lime 
10.5  water 


tion. 


loi.oij: 

Genus  XV.  Msai. 
Sp.  I.  Potstone§. 
This  stone  is  found  in  nests  and  beds,  and  is  always  Properties, 
imorphous.    Its  structure  is  often  slaty.   Texture  un- 
.ulatingly  foliated.    Lustre  from  i  to  3.  Transpa- 
ency  from  1  to  o  ;  sometimes  2.    Hardness  4  to  5. 


*  Kirwan,  i.  156. — Margraff,  Mfm.  Berlin,  1759,  p.  3. — Bayen,  Jour. 
:  Phys.  xiii.  46. — Mayer,  Crell's  Annals,  1789,  ii.  416. 

f  Hence  the  name  serpentine,  given  to  this  stone  from  a  supposed  rc- 
:mblance  in  colours  to  the  skin  of  serpent. 

\  Ann.de  Cbim.  xxviii.  199.  §  Kirwan,  i.  155, 
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CInss !.     Brittle.    Specific  gravity  from  2.853  I  to  3.023.  Feeig 

Oii.lT  I. 

greasy.  Sometimes  absorbs  water.  Colour  grey  with 
a  sliade  of  green,  and  sometimes  of  red  or  yellow ;  some- 
times leek  green  ;  sometimes  speckled  with  red. 

Potstone  is  not  much  affected  by  fire ;  and  has  there- 
fore been  made  into  utensils  for  boiling  water  ;  hence 
its  name. 

According  to  Wieglcb,  the  potstone  of  Como  contains 
58  magnesia 
38  silica 
7  alumina 

5  iron 

I  carbonat  of  lime 
I  fluoric  acid 


90 

Sp,  2.  Chlorite*. 

This  mineral  enters  as  an  ingredient  into  different 
mountains.  It  is  sometimes  amorphous,  and  sometimes 
crystallized  in  oblong,  four-sided,  acuminated  crytals. 

Properties.  Its  texture  is  foliated.  Its  lustre  from  o  to  2.  0- 
paque.  Hardness  from  4  to  6  ;  sometimes  in  loose 
scales.    Colour  green. 

Varieties.         Variety  I.     Farinaceous  chlorite.  Composed  of 

scales  scarcely  cohering,  either  heaped  together,  or  in- 
vesting other  stones.  Feels  greasy.  Gives  an  earthy 
smell  when  breathed  on.  Difficult  to  pulverise.  Co- 
lour grass  green  ;  sometimes  greenish  brown  ;  some- 
times dark  green,  inclining  to  black.  Streak  white. 
When  the  powder  of  chlorite  is  exposed  to  the  blo'.v- 


*  Kirwan,  i.  14". 


CHLORITE.  49i 

pipe  it  becomes  brown.    Before  the  blow-pipe,  farina- 

ceous  chlorite  froths  and  melts  into  a  dark  brown  glass;    Species n. 

with  borax  it  forms  a  greenish  brown  glass*.  ^  ^ 

V ariety  2.  Indurated  chlorite. — This  variety  is  cry« 
stallized.  Lustre  i.  Hardness  6.  P"eel  meagre.  Co- 
lour dark  green,  almost  black.  Streak  mountain  green. 

Variety  3.  Slaty  chlorite — Structure  slaty.  Frag- 
ments flatted.  Internal  lustre  i  to  2.  Hardness  5, 
Colour  greenish  grey,  or  dark  green  inclining  to  black. 
Streak  mountain  green. 

A  specimen  of  the  first  variety,  analysed  by  Vauque- 
lin,  contained  .  .  .  .43.3  oxide  of  iron  Composl- 

26.0  silica 
15.5  alumina 
8.0  magnesia 
2.0  muriat  of  potass 
4.0  water 


tion. 


98.8  f 

A  specimen  of  the  same  variety  yielded  Mr  Hsepner 
1 2.9^ oxide  of  iron 
37.50  silica 

4.17  alumina 
43.75  magnesia 

1.66  lime 


loo.oo;}: 


A  specimen  of  the  second  variety,  analysed  by  the 
same  chemist,  contained 


*  Vauquclin,  ']our.  de  Min,  No.  xxxix.  167. 
•j-  Ann.  lie  Chim.  XXX.  Io6. 
\  Saussurc's  Voyages^  ii.  133. 
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10.15  oxide  of  iron 
41.15  silica 

6.13  alumina 
39.47  magnesia 
1.50  lime 
1.50  air  and  water 

999  *  . 

On  the  supposition  that  these  analyses  are  accurate, 
tlie  enormous  difference  between  them  is  a  demonstra- 
tion chat  chlorite  is  not  a  chemical  combination,  but  a 
mechanical  mixture. 

Genus  XVI.  Slam. 

Sp.  1.    Siliceous  spar. 

This  "stone  has  been  found  in  Transylvania.  It  is 
crystallized  in  four  or  six-  sided  prisms,  channelled  trans- 
versely, and  generally  heaped  together.  Its  texture  is 
fibrous.  Its  lustre  silky,  2.  Its  colours  white,  yellow, 
green,  light  blue.    According  to  Bindheim,  it  contains 

6 I.I  silica 
21.7  lime 
6.6  alumina 
5.0  magnesia 
.  1.3  oxide  of  iron 
3.3  water. 

99.0  t 

Genus  XVII.    1.  samli. 
S^).  I.  Argillite 
Argillaceous  shistus — Common  slate. 
This  stone  constitutes  a  part  of  many  mountains. 


•  Crell's  Annals,  1790,  p.  56.        f  Berg.  vi.  104.        J  Kiman, !.  234. 
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Its  structure  Is  sktj-.   Its  texture  foliated.  Fracture  ^g"-^^^["' 
Jplinterj.  Fragments  often  tabular.  Lustre  most  com-    Species  I.  ^ 
nonly  silkj,  2  ;  sometimes  o.  Transparency  from  o  to  Properties. 
[.    Hardness  from  5  to  8.    Specific  gravity  from  2.67 
02.88.   Does  not  adhere  to  the  tongue.  Gives  a  clear 
cound  when  struck.  Often  imbibes  water.  Streak  white 
3r  grey.    Colour  most  commonly  grey,  with  a  shade 
.i)f  blue,  green,  or  black  ;  sometimes  purplish^  yellow- 
.sh,  mountain  green,  brown,  bluish  black ;  sometimes  ^ 
ttriped  or  spotted  with  a  darker  colour  than  the  ground. 

It  is  composed,  according  to  Kirwan,  of  silica,  alu- 
mina, magnesia,  lime,  oxide  of  iron.  In  some  varieties 
'he  lime  is  wanting.  '  Several  varieties  contain  a  consi- 
Jerable  quantity  of  carbonaceous  matter. 

Genus  XVill,  Slacmi. 

Sp.  i.  Smaragdite. 
This  stone  was  called  smaragdite  by  Mr  Saussure, 
rrom  some  resemblance  which  it  has  to  the  emerald, 
soever  crystallized.    Its  texture  is  foliated.    Easily  di- 
ided  into  plates.   The  laminae. are  inflexible.  Fracture 
ven.   Hardness  7.  Specific  gravity  3.   Colour  in  some 
sases  fine  green  ;  in  others  it  has  the  grey  colour  and 
netallic  lustre  of  mica  :  jt  assumes  all  the  shades  of  co- 
)ur  between  these  two  extremes  *. 

According  to  the  analysis  of  Vauqueliuj  it  is  com- 
posed of 


*  Ilauy,  Jour,  de  Min,  No.  xxviii.  27a. 
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co.o  silica 

Order  I. 

13.0  lime 
ii.o  alumina 
7.5  oxide  of  chromum 
6.0  magnesia 
*  5  .5  oxide  of  iron 

1.5  oxide  of  copper 

947  * 

Genus  XIX.  Sm. 

Sp,  I.  KifFekilf. 
Myrsen — Senfroth, 
This  mineral  is  dug  up  near  Jionie  in  Natolia,  and 
is  employed  in  forming  the  bowls  of  Turkish  tobacco 
pipes.  The  sale  of  it  supports  a  monastery  of  dervi- 
ses  established  near  the  place  where  it  is  dug.  It 
is  found  in  a  large  fissure  six  feet  wide,  in  grey  calca- 
reous earth.  The  workmen  assert  that  it  grows  agaia 
in  the  fissure  J,  and  puffs  itself  up  like  froth  §.  This  mi« 
neral,  when  fresh  dug,  is  of  the  consistence  of  wax;  it 
feels  soft  and  greasy;  its  colour  is  yellow;  its  specific 
gravity  1.600 11 :  when  thrown  on  the  fire  it  sweats,  emits 
a  fetid  vapour,  becomes  hard,  and  perfectly  white. 

According  to  the  analysis  of  Klaproth,  it  is  compo- 
sed of  50 silica 

17.25  magnesia 
25.00  water 
5.00  carbonic  acid 
.50  lime. 


*  Ann.  de  Cb'im.  xxx.  io6.  f  Kirv/an's  Mln.  1. 144' 

\  Reigregg,  Vhilos.  Mag.  iii.  165. 

§  Hence  the  name  kijf-kil,  or  rather  IcJ-hlli,"  clay  froth,"  or  "  light  day.' 
II  Klaproth.  ^  Bcitrage,  ii.  17J. 
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Sp.  2.    Steatites  *. 
Though  this  mineral  was  noticed  by  the  ancients,    Species  ir. 
little  attention  was  paid  to  it  by  mineralogists,  till  Mr  * 
Pott  published  his  experiments  on  it  in  the  Berlin  Me- 
moirs for  1747. 

It  .is  usually  amorphous,  but  sometimes  it  is  crystalli-  Properties, 
'  zed  in  six-sided  prisms.  Its  texture  is  commonly  earthy, 
but  sometimes  foliated.    Lustre  from  o  to  2.  Trans- 
parency from  o  to  2.    Hardness  4  to  7.    Specific  gra- 
vity from  2.6t  to  2.794  f.    Feels  greasy.    Seldom  ad- 
;  heres  to  the  tongue.    Colour  usually  white  or  grey ; 
1  often  with  a  tint  of  other  colours  ;  ^the  foliated  com- 
monly green.    Does  jaot  melt  before  the  blow- 
pipe. 

Variety  I.  Semi-indurated  steatites.  Texture  earthy.  Varietiei. 
IFracture  sometimes  coarse  splintery.  Lustre  o.  Trans- 
•parency  o,  or  scarce  i.  Hardness  4  to  5.  Absorbs 
iwater.  Takes  a  polish  from  the  nail.  Colour  white, 
with  a  shade  of  grey,  yellow,  or  green;  sometimes  pure 
nvhite  ;  sometimes  it  contains  dendritical  figures ;  and 
ssometimes  red  veins. 

Variety  2:  Indurated  steatites.  Fracture  fine  splin- 
ttery,  often  mixed  with  imperfectly  conchoidal.  External 
llustre  2  to  I,  internal  o.  Transparency  2.  Often  has 
tthe  feel  of  soap.  Absorbs  water.  Colour  yellowish  or 
greenish  grey ;  often  veined  or  spotted  with  deep  yel- 
llow  or  red. 

Variety  3.  Foliated  or  sti'Iated  steatites.  The  tex- 
iture  of  this  variety  is  usually  foliated  sometimes  striated. 


*  Klrwan,  i.  IJI.  Pott.  Mem.  Berlin^  1747,  p.  5;,— WIcgleb,  Jour. 

.ie  Phys.  xxix.  60.— Lavoisier,  Mem.  Far.  1778,  433. 
t  Brisaon. 
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Fragments  cubiform.  Lustre  3.  Transparency  2  to  i. 
Hardness  6  to  7,  Colour  leek  green,  passing  into  moun- 
tain green  or  sulphur  yellow.  Streak  pale  greenish  grey. 
When  heated  to  redness,  it  becomes  greyj  and  at  147^ 
Wedgewood,  it  forms  a  grey  porous  porcelain  mass  *. 

A  specimen  of  steatites  analysed  by  Klaproth,  con- 
tained  59,5  silica 

30.5  magnesia 

2.5  iron 

5.5  water 

98.0  f 

A  specimen  of  white  steatites,  analysed  by  Mr  Che- 
nevix,  contained  .  .  .  60.00  silica 

28.50  magnesia 
3.00  alumina 
2.50  lime 
2.25  iron 

96.25  t 

Genus  XX.  Msi. 
Sp.  1.    Chrysolite  §, 
Peridot  of  the  French — Topa'z  of  the  ancients. 
The  name  chrysolite  was  applied,  without  discrimina- 
tion, to  a  great  variety  of  stones,  till  Werner  defined  it 
accurately,  and  confined  it  to  that  stone  which  the 
French  chemists  distinguish  by  the  appellation  oi peri- 
dot.   This  stone  is  the  topn^i  of  the  ancients;  their 
chrysolite  is  now  called  topaz  \. 


*  Kirwan,  i.  155.       f  Beitrage,  ii.  179.       \  Ann.  Je  C/i/fcv.  xxviii.  20c. 
§  Kirwan,  i.  262.—  Cartheuscr,  Mln.  94. — Dolomlcu,  Jour,  de  M'"' 
No.  xxix.  365. — La  Metherie,  Kquv.  Jour,  de  Phys.  i.  397. 
II  Plinii,  lib.  xxxvii.  c.  S. 
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tion. 


CHRYSOLITE.  5°^ 

Chrysolite  is  found  sometimes  in  unequal  fragments, 
and  sometimes  crystallized.    The  primitive  form  of  its    Species  I. 
crystals  is  a  right-angled  parallelopiped,  whose  length,  crystals. 
Ibreadth,  and  thickness,  are  as  5,  ^8,  Vj  *• 

The  texture  of  the  chrysolite  is  foliated.    ItSNfrac-  Properties. 
;ture  conchoidal.    Its  internal  lustre  from  2  to  4.  Its 
;  transparency  from  4  to  2.    Causes  double  refraction. 
Hardness  9  to  10.  Brittle.    Specific  gravity  from  3.265 
1103.45.    Colour  green.    It  is  infusible  at  150°,  but 
Hoses  its  transparency,  and  becomes  blackish  greyf. 
With  borax  it  melts  vi^itbout  effervescence  into  a  trans- 
j  parent  glass  of  a  light  green  colour.    Infusible  with 
microcosmic  salt  |  and  fixed  alkali  ^. 

Variety  1.    Common  chrysolite.    Found  in  Ceylon,  Varieties, 
and  South  America,  and  in  Bohemia,  amidst  sand  and 
1  gravel  II .    Lustre  3  to  4.    Transparency  4  to  3.  Co- 
lour yellowish  green,  sometimes  verging  to  olive  green, 
sometimes  to  pale  yellow. 

Variety  2.  Olive  chrysolite.  Olivine  ^. — Found 
commonly  among  traps  and  basalts ;  sometimes  in  small 
grains,  sometimes  in  pretty  large  pieces ;  but  it  has  not 
been  observed  in  crystals.  Lustre  2  to  3.  Transpa- 
rency 3  to  2.    Colour  olive  green. 

The  first  variety,  according  to  the  analysis  of  Kla-  Composi- 
proth,  is  composed  or    4 1.5  magnesia 

38.5  silica 
19.0  oxide  of  iron 

99.0  ** 


*  Kauy,  Jour,  de  Min.  No.xxviii.  281.  •(•  liirwan's  Min.  i.263. 

I  Vauquelin,  /Ian.  de  Chini.  xxi.  97.  §  ICirwan,  i.  263. 

II  Coquebert,  Jour,  de  Min.  No.  xxii.  20. 

5  Kirwan,  i.  ^63. — Lc  Licvre,  Jour,  dc  Phys.  xxx.  397. 

*  «  Klaproth's  Beitrage,  i.  103. 
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According  to  that  of  Vauquelin,  it  is  composed  of 
51.5  magnesia 
38.0  silica 
9.5  oxide  of  iron 

99.0  * 

The  second  variety,  according  to  the  analysis  of  Kla- 
proth,  is  composed  of  37.58  magnesia 

50.00  silica 
11.75  oxide  of  iron 
.21  lime 

99-54  t 

Sj).  2.  Jadet. 
This  stone  was  formerly  called  /apis  nephnticut,  and 
■was  much  celebrated  for  its  medical  virtues.  It  is  found 
in  Egypt,  China,  America,  and  in  the  Siberian  and 
Hungarian  mountains.  It  is,  sometimes  adhering  to 
rocksj  and  sometimes  in  detached  round  pieces. 
Properties  Its  surface  is  smooth.  Its  fracture  splintery.  Ex- 
ternal lustre  o,  or  scarce  i  ;  internal  xvaxy,  i.  Trans- 
parency from  2  to  I .  Hardness  10.  Not  brittle.  Spe- 
cific gravity  from  2.95  to  2.9829  ;  or,  according  to 
Saussure,  to  3.389.  Feels  greasy.  Looks  as  if  it  had 
imbibed  oil.  Colour  dark  Itek  green,  or  verging  to- 
wards blue  ;  in  some  prominencies  inclining  to  green- 
ish or  bluish  v/hite.  When  heated  it  becom.es  more 
transparent  and  brittle,  but  it  is  infusible  per  ss.  Ac- 
cording to  Hoepfner,  it  is  composed  of 


*  Ann.dc  Cbim.  xxi.  97.  +  Bcitragc,  i.  iia. 

%  Kirwan,  i.  171.— Bartolin,  Dc  Lafide  Ntthritko. — Lclimann,  "Scv, 
Ctmm.  Fdrnpol.  x.  381. — Hcepfncr,  Hist.  Nut.  de  la  Suisse,  i.  35I. 
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JADE-T-ASBESTUS.  503 

47  silica 

38  caiboiiat  of  magnesia 
9  iron 
4  alumina 
2  carbonat  of  lime 

ICO 

This  is  the  stone  which  the  inhabitants  of  New 
^?lealand  make  into  hatchets  and  other  cutting;  instru- 
ments. 

^ENus  xxr.  SmL. 

S^.  I.  Asbestus*, 
This  mineral  was  well  known  to  the  ancients.  They 
?ven  made  a  kind  of  cloth  from  one  of  the  varieties, 
which  was  famous  among  them  for  its  incombustibility, 
ttis  found  abundantly  in  most  mountainous  countries, 
imd  nowhere  more  abundantly  than  in  Scotland. 

It  is  commonly  amorphous.  Its  texture  is  fibraus. 
Its  fragments  often  long  splintery.  Lustre  from  o  to 
!i  ;  sometimes  3,  and  then  it  is  metallic.  Transparency 
irom  o  to  2.  Hardness  from  3  to  7.  Specific  gravity 
Vrom  2.7  to  0.6806.  Absorbs  water.  Colour  usually 
white  or  green.    Fusible  per  se  by  the  blow-pipe. 

Variety  1.     Common  asbestus  Lustre  2  to  i.  Varieties. 

Transparency  i.  Hardness  6  to  7.  Specific  gravity 
:2.577  to  2.7.  Feels  somewhat  greasy.  Colour  leek 
;Treen  ;  sometimes  olive  or  mountain  green  ;  sometimes 
;Trcenish  or  yellowish  grey.  Streak  grey.  Powder 
yvty. 


*  Kirwan,  i.  159. — Bergiv.an,  iv.  160. — Plot,  PfJl.  Trans,  xv.  lOJi. — 
Nebel,  Jour,  de  Ph^s.  lu  62. — Ibid.  iii.  367. 

Ii4 
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Sml. 
Species  I. 
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Order  r  f^^'-icfj  2.  Flexible  asbestus.  Jmianliis — Compo- 
sed of  a  bundle  of  threads  sliglitly  coherinjr.  Fibres 
flexible.  Lustre  i  to  2,  sometimes  3.  Transparency 
I  to  2,  sometimes  o.  Hardness  3  to  4.  Specific  gra- 
vity, before  it  absorbs  water,  from  0.9088  to  2.313^  ; 
after  absorbing  water,  from  1.5662  to  2.3803  *.  Feels 
greasy.  Colour  greyish  or  greenish  white  ;  sometimes 
yellowish  or  silvery  white,  olive  or  mountain  green, 
pale  flesh  red,  and  mountain  yellow. 

Variety  3.    Elastic  aabestus.    Mountain  /:ork  , 

This  variety  has  a  strong  resemblance  to  common  cork. 
Its  fibres  are  interwoven.  Lustre  commonly  o.  Opaque. 
Hardness  4.  Specific  gravity,  before  absorbing  water, 
from  0.6806  to  0.9933  ;  after  absorbing  water,  from 
1.2492  to  1.3492.  Feels  meagre.  Yields  to  the  fingers 
like  cork,  and  is  somewhat  elastic.  Colour  white ; 
sometimes  with  a  shade  of  red  or  yellow ;  sometimes 
yellow  or  brown. 
^°j^P°^"  A  specimen  of  the  first  variety  from  Dalecailia,  an- 
al j'sed  by  Bergman,  contained 
63.9  silica 

16.0  carbonat  of  magnesia 

12.8  carbonat  of  lime 

6.0  oxide  of  iron 

1.1  alumina 
99. «t 

A  specimen  of  the  second  variety  yielded  to  tlie  same 
chemist  ....  64,0  silica 

17.2  carbonat  of  magnesia 

13.9  carbonat  of  lime 
2.7  alumina 

2.2  oxide  of  iron 
100.0  t 


tion 


*  Brisson. 


f  Optisc.  iv.  170. 


\  Ibid  p.  163. 


ASBESTINITE 


— AUGITE. 


-  A  specimen  of  tlie  third  variety  contained,  according 
to  the  same  analysis,  56.2  silica 

26.1  carbonat  of  magnesia 
1 2.7  carbonat  of  lime 
3.0  iron 
2.0  alumina 

100.0* 

Twelve  different  specimens  of  asbestus,  analysed  by 
Bergman,  yielded  the  same  ingrediei^ts,  differing  a  little 
in  their  proportions  f. 

iS"^.  2.    Asbestinite  t- 

This  stone  is  amorphous.  Texture  foliated  or  broad 
striated.  Lustre  silky,  3.  Transparency  i  to  2.  Hard- 
ness 5  to  6.  Specific  j^ravity  from  2.806  to  2.880.  Co- 
lour white,  with  shades  of  red,  yellow,  green,  or  blue. 
At  150°  Wedgewood  it  melts  into  a  green  glass. 

Genus  XXIT.    i,  Silm. 
I.  Augite. 

Pyroxen  of  Hauy. — Volcanlte  of  Delametherie. 
This  mineral  is  only  found  in  basalt  and  lava.  It  is 
xisually  in  grains  or  in  small  crystals.  The  primitive 
form  of  its  crystals  is  an  oblique  angled  prism,  whose 
bases  are  rhombs  with  angles  of  92°  18'  and  37°  42'§. 
It  generally  crystallizes  in  six  or  eight  sided  prisms, 
terminated  by  dihedral  summitsH. "  Its  texture  is  folia- 
ted. Hardness  9.  Fracture  imperfectly  conchoidal 
and  brilliant.  Usually  somewhat  transparent.  Co- 
lour deep  green,  or  greenish  black.    Powder  greenish 


Gen,  XXIf. 
I.  Silm, 
Species  I, 

i  


«  Opiisc.  iv.  170.  t  Ibid.  p.  175. 

§  Hauy,  Jour,  de  Kin.  xxviii.  269. 


I  Kir  wan,  i.  165, 
D  Lisle,  ii.  398. 
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grey.  Specific  gravity  3.47.  Commonly  attracted  by 
the  magnet*.  Scarcely  fusible  by  the  blow-pipe f. 
With  borax  it  melts  into  a  yellowish  glass,  which  ap- 
pears red  while  it  is  hot  %. 

According  to  the  analysis  of  Vauquelin,  it  is  compo- 
sed of  52.00  silica 

14.66  oxide  of  iron 
13.20  lime 
10.00  magnesia 
3.33  alumina 
2. CO  oxide  "of  manganese 

Sp.  1.  Asbestoid  ||. 
This  stone  has  obtained  its  name  from  its  similarity 
to  common  asbestus.  It  is  amorphous.  Its  texture 
is  foliated  or  striated.  Its  lustre  common  or  glassy. 
Properties,  from  2  to  3.  Transparency  from  o  to  1.  Hardness 
6  to  7.  Specific  gravity  from  3  to  3-31.  Colour  olive 
or  leek  green  j  when  decomposing,  brown.  Before  the 
blow-pipe  it  melts  per  se  into  a  brown  globule.  With 
borax  it  forms  a  violet-coloured  globule  verging  towards 
hyacinth^.  According  to  the  analysis  of  Mr  Mac, 
quart,  it  is  coxnposed  of  46  silica 

20  oxide  of  iron 
II  lime 

10  oxide  of  manganese 
8  mtiQ-nesia 

95** 


Class  I. 
Order  I. 


«  Fcrber.  t  Le  Lievre. 

^  Jour,  de  Mln.  xxxix.  17a. 

^  Macquart,  dnn.  de  Cbitn.  xxii.  83. 


\  Vauquelin. 
tl  Kirwan,  1.  166. 
#«  Ibid. 


ACTINOLITE. 


5^7 


There  i&  a  variety  of  this  specie's  which  Kirwan  calls 
mitallifoim  asbestoid.  Its  lustre  is  semimetallic,  3.  O- 
puque.  Hardness  8  to  9.  Specific  gravity  3.336.  Co- 
lour grey,  sometimes  inclining  to  red*. 

GeKUS  XXII.     2.  SMIL. 

Sp.  3.    Shorlaceous  actinolltcf. — Rnycnnfinte. 

This  stone  crystallizes  in  four  or  six  sided  prisms, 
thicker  at  one  end  than  the  other  ;  hence  it  has  been 
called  by  the  Gernians  strakhtein,  "  arrow-stone."  The 
crystals  sometimes  adhere  longitudinally.  Fracture 
hackly.  External iustre  glassy,  3  to  4  ;  internal,  1  to 
2.  Transparency  from  2  to  3  ;  sometimes  1.  Hard- 
ness from  7  to  10.  Specific  gravity  3.023  to  3.45. 
Colour  leek  or  dark  green. 

This  stone  is  often  the  matrix  of  iron,  copper,  and 
tin  ores. 

Sp.  4.    Lamellar  actinolitej.. 
This  stone  resembles  hornblende.    It  is  amorphous. 
Texture  foliated.    Lustre  various  in  different  places. 
Transparency  o,  or  scarce  i.    Specific  gravity  2.916. 
Colour  dark  yellowish  or  greenish  grey. 

Sp^  5.  Glassy  actinolite§. 
This'-stone  is  found  amorphous,  composed  of  fibres 
adhering  longitudinally,  or  in  slender  four  or  six-sided 
prisms.  Texture  fibrous.  Fragments  long  splintery,  -pvo 
so  sharp  that  they  can  scarcely  be  handled  witliout  in- 
jury. External  lustre  glassy  or  silky,  3  to  4  ;  internal 
Transparency  2.  Exceedingly  brittle.  Specific 
gravity  2.95  to  3.493.  Colour  leek  green  ;  sometimes 
verging  towards  greenish  or  silver  white  ;  sometimes. 


*  Kinvan,  i.  167.        f  Ibid.  p.  168.        \  Ibid.  167.       §  Ibid.  p.  168. 
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Class  I. 
Order  I, 


Stained  with  yellowish  or  brownish  red.  According  to 
J   Bergman  it  is  composed  of  72.0  silica 

12.7  carbonat  of  magnesia 
6.0  carbonat  of  lime 
7.0  oxide  of  iron 
2.0  alumina 


Properties. 


Composi- 
tion. 


99-7 


Sp.  6.  Idocrase. 
Myacinthlne  of  Delametherie — Sorlo  piceo  of  Giosni. 
This  mineral  is  found  in  lava»  and  was  formerly  con- 
foimded  with  the  hyacinth.  Its  colour  is  brown  or  green- 
ish, and  it  is  usually  crystallized  in  rectangular  eight 
sided  prisms,  or  rather  four-sided  prisms  w^ith  their 
edges  truncated.  The  primive  form  of  its  crystals  is 
the  cube.  Specific  gravity  from  3.30  to  3.409.  Scratches 
glass.  Lustre  2.  Fracture  imperfectly  conchoidal. 
Transparent.  Causes  double  refraction.  Before  the 
blow-pipe  melts  into  a  yellowish  glass.  According  to 
the  analysis  of  Stucke,  it  is  composed  of 

26.5  silica 

40.2  magnesia 

16.2  oxide  of  iron 

16.0  lime 


98.9t 

Genus  XXIII.  Sl. 
Sp.  1.    Shistose  hornstonej. 
The  structure  of  this  stone  is  slaty.    Lustre  from  o. 
to  I.    Commonly  opaque.    Hardness  9  to  10.  Speci- 
fic gravity  from  2.596  to  2.641.    Colour  dark  bluish 
or  blackish  grey.    Infusible  per  se. 


*  Oj>utc.  iv.  171. 


I  Jour,  de  Phys.  xlvi,  69. 


}  Kirvvan,  i.  305. 
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Variety  1.  Siliceous  slilstus — Commonly  intersect-  Gen.XXlIL 
ed  by  reddish  veins  of  iron  stone.  Fracture  splintery.  Species  II. 
Lustre  o.     Transparency  from  o  to  l.  Varieties. 

Variety  2.    Basanite  or  Lydian  stone. — Commonly 
intersected  by  veins  of  quartz.    Fracture  even  ;  some-' 
times  inclining  to  conchoidal.    Lustre  scarce  i.  Hard- 
ness 10.    Specific  gravity  2.596.    Powder  black.  Co- 
lour greyish  black. 

This,  or  a  stohe  similar  to  it,  was  used  by  the  an- 
cients as  a  touchstone.  They  drew  the  metal  to  be  ex- 
amined along  the  stone,  and  judged  of  its  purity  by 
the  colour  of  the  metallic  streak.  On  this  account 
they  called  it  pao-awf,  the  trier.  They  called  it  also  Ly- 
dian stone;  because,  asTheoplirastus  informs  us,  it  was 
found  most  abundantly  in  the  river  Tmolus  in  Lydia*. 

A  specimen  of  the  first  variety,  analysed  by  Wieg-  ^q^^^^"^' 
leb,  contained  ...  75.0  silica 

10.0  lime 
4.6  magnesia 
3.5  iron 
5.2  carbon 

This  species  is  rather  a  mechanical  mixture  than  a 
chemical  combination. 

Sp.  2.  Tremolite. 
This  mineral,  found  in  the  valley  of  Tremola"  in  the 
Alps,  has  been  described  by  Saussure  f ,  and  seems  to 
be  very  intimately  connected  with  the  minerals  arran- 
ged under  the  second  division  of  the  last  Genus.  It  is 
white  with  a  shade  of  green  or  red,  and  is  either  cry- 


*  Hill's  Theophrastus  -xt^i  Xj8«y,  p.  190.        f  Saussure's  Voyages^  iv.  105. 
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Or'cler  I  stallized  or  in  irregular  masses.  Its  crystals  are  four- 
*     V    ■■'  side<l  oblique  prisms,  with  angles  of  67°  and  113°. 

Specific  gravity  from  2.9  to  3.2.  Texture  fibrous.  Frac- 
ture conchoiclal.  Fibres  rigid,  so  that  it  irritates  the 
skin  when  rubbed  against  it.  Cuts  glass.  Lustre  con- 
siderable. Somewhat  transparent.  Fibres  easily  sepa- 
rated, so  that  it  appears  soft.  Phosphoresces  when  two 
pieces  are  rubbed  in  the  dark  against  each  other.  Von 
Berchcn  and  Struve  have  divided  this  species  into  five 
varieties,  namely,  th©  common,  glassy,  asbestiform,  silky, 
ComposI-     and  grey.    A  spesimen  analysed  by  Klaproth  contained 

'65.0  silica 
38.0  lime 
0.5  magnesia 
C.5  oxide  of  iron 
6.0  water  and  carbonic  acid 


tion 


100.0 

Genus  XXIV.  Zs. 

Sp.  I.    Zircon  *. 
jargon — Hyacinth. 
This  stone  is  brought  from  Ceylon,  and  found  also  in 
France,  Spain,  and  other  parts  of  Europe.    It  is  com- 
monly crystallized.    The  primite  form  of -its  crystals 
is  an  octahedron,  composed  of  two  four-sided  pyramids 
applied  base  to  base,  whose  sides  are  isosceles  triangles. 
Crystals.     The  inclination  of  the  sides  of  the  same  pyramid  to 
each  other  is  124°  12';  the  inclination  of  the  sides  of 
one  pyramid  to  those  of  another  82°  50'.    The  solid 
angle  at  the  apex  is  73°  44' f.    The  varieties  of  the 
crystalline  forms  of  zircon  amount  to  seven.    In  some 


*  Klrv/an,  i.  257.  and  3:53.         f  Haiiy,  Jour,  dc  Mix.  No.  nvi.  91. 
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cases  there  is  a  four-sided  prism  interposed  between  the  Gen.xxiv 
pyramids  of  the  primitive  form  ;  sometimes  all  the 
angles  of  this  prism  are  wanting,  and  two  small  tri- 
angular faces  In  place  of  eachj  sometimes  the  crystals 
are  dodecahedrons,  composed  of  a  flat  four-sided  prism 
with  hexagonal  faces,  terminated  by  four-sided  summits 
with  rhomboidal  faces  ;  sometimes  the  edges  of  this 
prism,  sometimes  tlie  edges  where  the  prism  and  sum- 
mit join,  and  sometimes  both  together,  are  wanting, 
and  we  find  small  faces  in  their  place.  For  an  accurate 
description  and  figure  of  these  varieties,  the  reader  is 
referred  to  Mr  Hauy  *. 

The  texture  of  the  zircon  is  foliated.   Internal  lustre  properties. 
3.    Transparency  from  4  to  2.    Causes  a  very  great 
double  refraction.    Hardness  from  10  to  16.  Specific 
gravity  from  4.2  to  4. 165  f.  Colour  commonly  reddisli 
or  yellowish  ;  sometimes  it  is  limpid. 

Before  the  blow  pipe  it  loses  its  colour,  but  not  its 
transparency.  With  borax  it  melts  into  a  transparent 
glass.    Infusible  with  fixed  alkali  and  microcosmic  salt. 

1.  The  variety  formerly  called  hyacinth  is  of  a  yel- 

.  .  .  Varieties, 

lowish  red  colour,  mixed  with  brown.    Its  surface  is 

smooth.    Its  lustre  3.    Its  transparency  3  to  4. 

2.  The  variety  formerly  called  jargon  of  Ceylon  is 
either  grey,  greenish,  yellowish  brown,  reddish  brown, 
or  violet.  It  has  little  external  lustre.  It  is  sometimes 
nearly  opaque. 

The  first  variety,  according  to  the  analysis  of  Vauque-  Coniposl- 
lin,  is  composed  of    64.5  zirconia  tlon. 

32.0  silica 
2.0  oxide  of  iron 

95-5  X 


*  Hauy.  Jour,  dc  Min.  No.  xxvi.  91.         f  Ibid. 


\  Ibid.  p.  lo6. 
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A  specimen  analysed  by  Klaproth  contained 
70.0  zirconia 
25.0  silica 
0.5  oxide  of  iron 

95-5* 

The  second  variety,  according  to  Klaproth,  who  dis- 
covered the  component  parts  of  both  these  stojies,  con- 
tains  68.0  zirconia 

.31.5  silica 
0.5  nickel  and  iron 

100.0  ]• 

Genus  XXV.  Ysi. 

Sp.  I.  Gadolinite. 
This  mineral  was  first  observed  by  Captain  Ai-henlus, 
lodged  in  a  white  felspar  in  the  quarry  of  Ytterby  in 
S  weden,  and  received  the  name  of  Gadolinite,  because 
Gadolin  was  the  chemist  who  first  ascertained  its  com- 
position. It  occurs  in  thick  kidney-form  masses,  or  in 
Properties,  parallel  plates.  Its  colour  is  black  ;  that  of  its  powder 
greenish  grey.  Fracture  conchoidal  and  glassy.  Opake. 
Scratched  by  iron,  and  in  some  cases  even  by  the  nail. 
Attracted  by  the  magnet.  Before  the  blow-pipe  decrepi- 
tates and  melts  into  a  black  blistered  slag.  Forms  with 
borax  a  yellowish  transparent  glass  ;  with  soda  a  white 
transparent  glass According  to  the  analysis  of  Vait- 
quelin,  it  is  composed  of 


*  Beitrage,  i.  431.  f.  Ibid.  i.  219. 

$  Ekcbcr<j,  Crell's  A':na!s,  1799.  ii.  67. 
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Order  I. 
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SALINE  STONES. 

yttria    >  •  Gen.  XXV, 

25.5  silica  Specks  I, 

25.0  oxide  of  iron 
2.0  lime 

2.0  oxide  of  manganese 
10.5  water  and  carbonic  acid 
100.0  * 

Klaproth  on  the  other  hand  found 
59.75  yttria 
21.25  silica 
18.00  oxide  of  iron 
0.50  alumina 


99-50 1 

This  last  analysis  does  not  differ  much  from  that 
which  Ekeberg  had  before  published. 

Order  II.    SALINE  STONES. 

Under  this  Order  I  comprehend  all  the  minerals 
jvhich  consist  of  an  earthy  basis  combined  with  an  acid, 
irhey  naturally  divide  themselves  into  five  genera.  I 
lhall  describe  them  in  the  following  order. 

I.  CALCAREOUS  SALTS.  Arrange- 

1.  Carbonat  of  lime,  "*^"'^* 

2.  Sulphat  of  lime, 

3.  Phosphat  of  lime, 

4.  Fluat  of  lime, 
3.  Borat  of  lime, 

6.  Arseniat  of  lime. 


*  Ann.  de  Chim,  xxxvi,  152.  f  Ibid,  xxxvii.  87. 
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SALINE  STONE?. 

Classl.  II.   BARYT/C  SALTS. 

Order  II. 

y     V  '  '  I.  Carbonat  of  barytes, 

2.  Sulphat  of  barytes. 

III.  STRONTIAN  SALTS. 

1.  Carbonat  of  strontian, 

2.  Sulphat  of  strontian. 

IV.  MAGNESIAN  SALTS. 

Sulphat  of  magnesia. 

V.  ALUMINOUS  SALTS. 

1.  Alum, 

2.  Mellite, 

3 .  Chriolite. 

Genus  I.    calcareous  salts. 

This  genus  comprehends  all  the  combinations  of  lime 
and  acids  which  form  a  part  of  the  mineral  kingdom. 
S/).  I.    Carbonat  of  lime. 

No  other  mineral  can  be  compared  with  carbonat  of 
lime  in  the  abundance  with  which  it  is  scattered  over 
the  earth.  Many  mountains  consist  of  it  entirely,  and 
hardly  a  country  is  to  be  found  on  the  face  of  the  globe 
where,  under  the  names  of  limestone,  chalk,  marble, 
spar,  it  does  not  constitute  a  greater  or  smaller  part  of 
the  mineral  riches. 
Crystals.  often  amorphous,  often  stalactical,  and  often 

crystallized.  The  primitive  form  of  its  crystals  is  a  pa- 
rallelepiped, whose  sides  are  rhombs,  with  angles  of  77" 
30'  and  102°  30'.  Its  integrant  molecules  have  the 
same  form.  The  varieties  of  its  crystals  amount  to  more 
than  40.  For  a  description  and  figure  of  which  the 
reader  is  referred  to  Rome  de  Lisle  *  and  Hauy\. 


*  Ciyitallng.  i.  497. 

f  Essai  d\ne  llcoii:,  &c.  p.  75. — 'jour,  de  Pl-ys.  1/93,  August,  p.  !!+• 
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"When  crystallized,  its  texture  is  foliated ;  when  amor-    Genus  i. 

'  ^  _  .  Species  I. 

phous,  its  texture  is  sometimes  foliated,  sometimes  <  ^r-— * 

striated,  sometimes  granular,  and  sometimes  earthy.  Its  Properties, 
lustre  varies  from  o  to  3.  Transparency  from  o  to  4. 
It  causes  double  refraction  ;  and  it  is  the  only  mineral 
which  causes  double  refraction  through  two  parallel 
faces  of  the  crystal.  Hardness  from  3  to  9.  Specific 
gravity  from  2.315  to  2.78.  Colour,  when  pure,  white. 
Effervesces  violently  with  muriatic  acid,  and  dissolves 
completely,  or  leaves  but  a  small  residuum.  The  solu- 
tion is  colourless. 

This  species  occurs  in  a  great  variety  of  forms  ;  and 
therefore  has  been  subdivided  into  numerous  varieties. 
All  these  may  be  conveniently  arranged  under  two  ge- 
neral divisions. 

I.    Soft  carbonat  of  lime. 

Variety  \.  Agaric  mineral.  Mountai?i  milk,  ox  moun-  Varieties. 

tain  meal  of  the  Germans  This  variety  is  found  in 

the  clefts  of  rocks,  or  the  bottom  of  lakes.  It  is  near- 
ly in  the  state  of  powder  ;  of  a  white  colour,  some- 
times with  a  shade  of  yellow  ;  and  so  light  that  it  al- 
.most  floats  on  water. 

Variety  2.    Chalk  The  colour  of  chalk  is  white, 

sometimes  with  a  shade  of  yellow.  Lustre  o.  Opaque. 
Hardness  3  to  4.  Specific  gravity  from  2.315  10,2.657. 
Texture  earthy.  Adheres  slightly  to  the  tongue.  Feels 
dry.  Stains  the  fingers,  and  marks.  Falls  to  powder 
in  water.  It  generally  contains  about  of  alumina, 
and  -y-^o-  °^  water  ;  the  rest  is  carbonat  of  lime. 

Variety  3.    Arenaceous  limestone — Colour  yellow- 


— Jour,  de  Hist.  Nut.  179a,  February,  p.  148. — Ann.  de  Ch'tm.  xvii.  249, 
&c. — Jour,  de  Min.  No.  xxviii.  304. 
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ish  white.  Lustre  I.  Transparency!.  So  brittle  tliat 
small  pieces  crumble  to  powder  between  the  fingers. 
Specific  gravity  2.742.  Phosphoresces  in  the  dark  when 
scraped  with  a  knife,  but  not  when  heated.  It  consists 
almost  entirely  of  pure  carbonat  of  lime. 

Variety  4.  Testaceous  tufa. — The  colour  of  this  va- 
riety is  yellowish  or  greyish  white.  It  is  exceedingly 
porous  and  brittle  ;  and  is  either  composed  of  broken 
shells,  or  resembles  mortar  containing  shells ;  or  it  con- 
sists of  fistulous  concretions  variously  ramified,  and  re- 
sembling moss. 

II.    Indurated  carbonat  of  lime. 

Variety  i.  Compact  limstone. — The  texture  of  this 
variety  is  compact.  It  has  little  lustre  ;  and  is  most 
commonly  opaque.  Hardness  5  to  8.  Specific  gravity 
1.3864  to  2.72.  Colour  grey,  with  various  shades  of 
other  colours.  It  most  commonly  contains  about  to^^ 
of  alumina,  oxyd  of  iron,  &c.  ;  the  rest  is  carbonat  of 
lime.    This  variety  is  usually  burnt  as  lime. 

Variety  2.  Granularly  foliated  limstone — Structure 
sometimes  slaty.  Texture  foliated  and  granular.  Lustre 
2  to  I.  Transparency  2  to  i.  Hardness  7  to  8.  Spe- 
cific gravity  2.71  to  2.8376.  Colour  white,  of  various 
shades  from  other  colours. 

Variety  3.  Sparry  limestone. — Stricture  sparry. 
Texture  foliated.  Fragments  rhomboidal.  Lustre  2  to 
3.  Transparency  from  2  to  4  •,  sometimes  i.  Hard- 
ness 5  to  6.  Specific  gravity  from  2.693  to  2.718.  Co- 
lour white  :  often  with  various  .shades  of  other  colours. 
To  this  variety  belong  all  the  crystals  of  carbonat  of 
lime. 

Variety  4.  Striated  limestone. — Texture  striated  or 
fibrous.    Lustre  i  to  0.   Transparency  2  to  i.  Hard- 
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hes3  5  toy.  Specific  gravity  commonlj  from  2.6  to  gp^l^^Jj 
2.77.    Colour  various.  -y— — , 

Pariety  ^.  Swine  stone. — Texture  often  earthy.  Frac- 
ture often  splintery.  Lustre  1  to  o.  Transparency  0 
to  1.  Hardness  6  to  7.  Specific  gravity  2.701  to 
2.7121.  Colour  dark  grey,  of  various  shades.  When 
scraped  or  pounded,  it  emits  an  urinous  or  garlic  smell. 

Variety  6.  Oviform! — This  variety  consists  of  a  num- 
ber of  small  round  bodies,  closely  compacted  together. 
Lustre  o.    Transparency  o  or  i.    Hardness  6  to  7. 

Sp.  2.    Sulphat  of  lime.  ^ 
Gypsum — Sehnite. 

This  mineral  is  found  abundantly  in  Gerniany,  France, 
England,  Italy,  &c. 

It  is  found  sometimes  in  amorphous  masses,  some- 
limes  in  powder,  arid  sometimes  crystallized.  The  pri- 
mitive form  of  its  crystals,  according  to  Rome  de  Lisle, 
is  a  dodecahedron,  which  may  be  conceived  as  two  four-  Crystals, 
eided  pyramids,  applied  base  to  base,  and  which,  instead  » 
of  terminating  in  pointed  summits,  are  truncated  near 
their  bases  ;  so  that  the  sides  of  the  pyramids  are  tra- 
peziums, and  they  terminate  each  in  a  rhomb.  These 
rhombs  are  the  largest  faces  of  the  crystal.  The  angles 
of  the  rhombs  are  52°  and  158°.  The  inclination  of 
two  opposite  faces  of  one  pyramid  to  the  two  similar 
faces  of  the  other  pyramid  is  li] 5°,  that  of  the  other 
faces  no  *.  Sometimes  some  of  the  faces  are  elonga- 
ted :  sometimes  it  crystallizes  in  six-sided  prisms,  ter- 
minated by  three  or  four-sided  summits,  or  by  an  inde- 
terminate number  of  curvilinear  faces.    For  a  descrip- 


*  Crystallog,  i.  144, 
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Class  T. 
Order  II. 


Properties 


Varieties. 


tion  and  figure  of  these  varieties,  the  reader  is  referred 
to  Rome  de  Lisle  *. 

The  texture  pf  sulphat  of  lime  is  most  commonly  fo- 
liated. Lustre  from  o  to  4.  Transparency  from  o  to 
4.  It  causes  double  refraction.  Its  hardness  does  not 
exceed  4.  Its  specific  gravity  from  1.872  to  2.3 11. 
Colour  commonly  white  or  grey. 

Before  the  blow-pipe  it  melts  into  a  white  enamel, 
provided  the  blue  flame  be  made  to  play  upon  the  edges 
of  its  laminae.  When  the  flame  is  directed  against  its 
faces,  the  mineral  falls  into  powder  f. 

It  does  not  effervesce  with  muriatic  acid,  except  it 
be  impuve  ;  and  it  does  not  dissolve  in  it.- 

The  following  varieties  pf  this  mineral  are  deserving 
of  attention. 

Variety  i.  Broad  foliated  sulphat — Texture  broad 
foliated.  Lustre  glassy,  from  4  to  2.  Transparency 
from  4  to  3.  Hardness  4.  Specific  gravity  2.31 1.  Co- 
lour grey,  often  with  a  shade  of  yellow. 

Variety  2.  Grano-foliated  sulphat  Texture  folia- 
ted, and  at  the  same  tim.e  granular ;  so  that  it  easily 
crumbles  into  powder.  Lustre  2  to  3.  Transparency 
2  tp  3.  Hardness  4  to  3.  Specific  gravity  from  2.274 
102.310.  Feels 'soft.  Colour  white  or  grey,  often  with 
a  tinge  of  yellow,  blue,  or  green ;  sometimes  flesh  red, 
brown,  or  olive  green. 

Variety^.  Fibrous  sulphat. — Texture  fibrous.  Frag- 
ments long  splintery.  Lustre  2  to  3.  Transparency 
2  to  I  ;  sometimes  3.  Hardness  4.  Brittle.  Specific 
gravity  2.300.  Colour  white,  often  with  a  shade  of 
grey,  yellow,  or  red ;  sometimes  flesh  red,  and  some- 
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rtlmes  honey  yellow;  sometimes  several  of  these  colours 

7  '  Species  III. 

meet  m  stripes.  '  \r-— ' 

Variety  4.    Compact  sulphat  Texture  compact, 

iLustre  1  or  c.  Transparency  2  to  i,  sometimes  o. 
^Hardness  4.  Specific  gravity  from  1.872  to  2.288, 
iFeels  dry  but  not  harsh.  Colour  white,  with  a  shade 
cof  grey,  yellow,  blue,  or  green ;  sometimes  yellow  ; 
ssometimes  red  ;  sometimes  spotted,  striped,  or  veined. 

Variety  5.  Farinaceous  sulphat. — Of  the  consistence 
cof  meal.    Lustre  o.    Opaque.    Scarcely  sinks  in  wa- 
iter.   Is  not  gritty  between  the  teeth.    Feels  dry  and 
pieagre.    Colour  white.    When  heated  b^low  redness, 
lit  becomes  of  a  dazzling  white. 

5/>.  3.    Phosphat  of  lime. 
apatite — Phosphorite — Chrysolite  of  the  French. 
This  substance  is  found  in  Spain,  where  it  forms 
•whole  moimtains,  and  in  different  parts  of  Germany. 
It  is  sometimes  amorphous,  and  sometimes  crystallized. 
The  primitive  form  of  its  crystals  is  a  regular  six-sided  crystals 
; prism.    Its  integrant  rpolecule  is  a  regular  triangular 
prism,  whose  height  is  to  a  side  of  its  base  as  I  to  -\/2*. 
Sometimes  the  edges  of  the  primitive  hexagonal  prism 
;  are  wanting,  and  small  faces  in  their  place  ;  sometirpes 
there  are  small  faces,  instead  of  the  edges  which  termi- 
nate the  prism ;  sometimes  these  two  varieties  are  uni- 
ted ;  sometimes  the  terminating  edges  and  the  angles  of 
the  prism  are  replaced  by  small  faces  ;  and  sometimes 
I  the  prism  is  terminated  by  four-sided  pyramidsf. 

Its  texture  is  foliated.    Its  fracture  uneven,  tending  Piopeities. 
:  to  conchoidul.    External  lustre  from  2  to  3  ;  internal, 
3  to  2.    Transparency  from  4  to  2.    Causes  single  re- 


*  Hauy,  ^our.  de  M'm.  No.ixviii.  310. 
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Class  T.     fraction.    Hardness  6  to  7.    Brittle.    Specific  gravity 

Order  H.     -  „  V.  1 

<  III  .  y  >  from  2.8249  to  3.218.    Colour  commonlj  green  or 

grey;  sometimes  brown,  red,  blue,  and  even  purple. 

It  is  infusible  by  the  blow-pipe.  When  its  powder 
is  thrown  upon  burning  coals,  it  emits  a  yellowish  greea 
phosphorescent  light.  It  is  soluble  in  muriatic  acid 
without  effervescence  or  decomposition,  and  the  solution 
often  becomes  gelatinous. 

Sp.  4,    Fluat  of  lime. 
Fluor, 

This  mineral  is  found  abundantly  in  different  coun- 
tries, particularly  in  Derbyshire.  It  is  both  amorphous 
and  crystallized. 

The  primitive  form  of  its  crystals  is  the  regular  oc- 
tahedron ;  that  of  its  integrant  molecules  the  regular 

Crystals.  tetrahedron*.  The  varieties  of  its  crystals  hitherto  ob- 
served amount  to  7.  These  are  the  primitive  octahe- 
dron ;  the  cube ;  the  rhomboidal  dodecahedron ;  the 
cubo-octahedron,  which  has  both  the  faces  of  the  cube 
and  of  the  octahedron  ;  the  octahedron  wanting  the 
edges  ;  the  cube  wanting  the  edges,  and  either  one  face, 
or  two  faces  in  place  of  each.  For  a  description  and 
figure  of  these,  the  reader  is  referred  to  Mr  Hauy  f . 

properties.  The  texture  of  fluat  of  lime  is  foliated.  Lustre  from 
2  to  3,  sometimes  o.  Transparency  from  2  to  4,  some- 
times i.  Causes  single  refraction.  Hardness  8.  Very 
brittle.  Specific  gravity  from  3.0943  to  3.191 1.  Co- 
lours numerous,  .red,  violet,  green,  red,  yellow,  blackish 
purple.  Its  powder  thrown  upon  hot  coals  emits  a  blu- 
ish or  greenish  light.    Two  pieces  of  it  rubbed  in  the 
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dark  phosphoresce.    It  decrepitates  when  heated.  Be- 

fore  the  blow-pipe  it  melts  into  a  transparent  glass  *.      ■  ^p— » 

It  admits  of  a  polish,  and  is  often  formed  into  vases 
and  other  ornaments. 

5^.  5.    Borat  of  lime. 
Borucite. 

This  mineral  has  been  found  at  Kalkberg  near  Lune- 
burg,  seated  in  a  bed  of  sulphat  of  Ume.  It  is  crystal-  Crystal*, 
lized.  The  primitive  form  of  its  crystals  is  the  cube  f. 
In  general,  all  the  edges  and  angles  of  the  cube  are 
truncated  ;  sometimes,  however,  only  the  alternate  an- 
gles are  truncated  %.  The  size  of  the  crystals  does  not 
exceed  half  an  inch. 

The  texture  of  this  mineral  is  compact.  Its  fracture  Piopertics. 
is  flat  conchoidal.    External  lustre  3;  internal,  greasy, 
2.    Transparency  from  2  to  3.  Hardness  9  to  10.  Spe- 
cific gravity  2:566.    Colour  greyish  white,  sometimes 
passing  into  greenish  white  or  purplish. 

When  heated  it  becomes  electric  j  and  the  angles  of 
the  cube  are  alternately  positive  and  negative  §. 

Before  the  blow- pipe  it  froths,  emits  a  greenish  light, 
and  is  converted  into  a  yellowish  enamel,  garnished  with 
small  points,  which,  if  the  heat  be  continued,  dart  out 
in  sparks H. 

According  to  Westrum,  who  discovered  its  compo- 
nent parts,  it  contains 


•  Hauy,  ^our.  de  Min.  No.  xxviii.  .^25. 

f  Hauy,  Ibid. 

\  Hauy  and  Wtstrum. 

5  Huuy,  ll)id.  and  Ann.dc  C/ im.ix,  ^g, 

II  Lc  Licvre,  Jour,  dt  Min.  Ibid. 
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68    boracic  add 
13.5  magnesia 
1 1  lime 

1  alumina 

2  silica 
1  iron 

Sp,  6.  Arseniat  of  lime. 
Ph'^rmacoUte  of  Kiisten. 
Found  in  the  Furstemberg  of  Wittichen  in  tubercle^ 
or  sma'i  capillary  crystals  united  in  bun  iles.  Colour 
snow  white.  Lustre  silky.  Texture  fibrous  ;  fibres 
diverging.  Transparency  of  the  crystals  4.  -  Very  fri- 
able. Kiaproth  found  it  composed  of  lime,  arsenic  acid, 
and  a  little  cobalt, 

Sp.  7.    Nitrat  of  lime. 
Found  abund  I'ltlj  mixed  with  native  nitre.    For  a 
description  see  Volume  li  p.  300. 

Genus  II.    Barytic  Salts. 

This  genus  comprehends  the  combinations  of  baryteg 
■with  acids. 

Sp.  I.    Carbonat  of  barytes. 
Witherite. 

This  mineral  was  discovered  by  Dr  W  therirjg;  hence 
Werner  has  given  it  the  name  of  withc-ite.  It  is  found 
Cr)'stak  both  amorphous  and  crjstn.ili7.td.  The  crystals  are  oc- 
tahedrons or  dodecahedrons,  consisting  of  four  or  six 
sided  pyramids  applied  b?ise  to  base  ;  sometimes  the  six- 
sided  pyramids  are  separated  by  a  prism  ;  sometimes 


Class  I, 
Order  11. 


Composi- 
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several  of  these  prisms  are  joined  together  in  the  form  Gemisli. 

_  Species  IL 

i-ot  a  star.  1    .  y  i-» 

Its  texture  is  fibrous.  Its  fracture  conchoidal.  Its  Properties, 
'fragments  long  splintery.  Lustre  1.  Transparency  2 
!to  3.  Hardness  j  to  6.  Brittle.  Specific  gravity  4.3 
tto  4.338.  Colour  greenish  white.  When  heated  it 
^becomes  opaque.  Its  powder  phosphoresces  when 
'.thrown  on  burning  coals  *. 

It  is  soluble  with  effervescence  in  muriatic  acid.  The 
jpolution  is  colourless. 

According  to  Pelletier  it  contains  CompoM- 
6a  barytes  t^^^ 
22  carbonic  acid 
16  water 


loof 


Sp,  a.    Sulphat  of  barytes. 
Boroselenite, 

This  mineral  is  found  abundantly  in  many  countries, 
particularly  in  Britain.  It  is  sometimes  in  powder,  of- 
ten in  amorphous  masses,  and  often  crystallized.  The 
primitive  form  of  its  crystals  is  a  rectangular  prism,  Crystak, 
whose  bases  ai-e  rhombs,  with  angles  of  101°  30'  and 
^8°  30'$.  The  varieties  of  its  crystals  are  very  nume- 
rous. For  a  description  and  figure  of  them  I  refer  to 
Rome  de  Lisle  §  and  Hauyl|.  The' most  common  varie- 
ties are  the  octahedron  with  cuneiform  summits,  the  six 
or  four  sided  prism,  the  hexangular  table  with  bevelled 
ed-res.    Sometimes  these  crystals  are  needleform. 


*  Hauy. 

J  Hauy,  Essai  li'une  Theorie,  p.  119. 
11  Ibid,  and  Ann.  de  Ch'wi.  xii.  3. 


f  "Jour.  Je.  Mill.  xxi.  46. 
§  Cry:ial.  i.  588. 


SALINE  STONES. 


Class  I. 
Order  II. 

<  ^  ' 

Proper  ticfc 


Vaxletie*. 


Its  texture  is 'commonly  foliated.  Lustre  from  o  to 
2.  Transparency  from  2  to  o  ;  in  some  cases  3  or  4. 
Hardness  from  3  to  6.  Specific  gravity  from  4.4  to 
4.44.  Colour  commonly  white,  with  a  shade  of  yel- 
low, red,  blue,  or  brown. 

When  heated  it  decrepitates.  It  is  fusible  per  se  by 
the  blue  flame  of  the  blow-pipe,  and  is  converted  into 
sulphuret  of  barytes.  Soluble  in  no  acid  except  the 
sulphuric  ;  and  precipitated  from  it  by  water. 

Variety  i.  Foliated  sulphat. — Lustre  3  to  2.  Trans- 
parency from  4  to  2,  sometimes  i.  Colours  white, 
reddish,  bluish,  yellowish,  blackish,  greenish.  Mr 
Werner  subdivides  this  variety  into  three,  according  to 
the  nature  of  the  texture.  These  three  subdivisions  are 
granularly  foliated^  straight  foliated,  curve  foliuted. 

Variety  1.  Fibrous  sulphat. — Texture  fibrous;  fi- 
bres converging  to  a  common  centre.  Lustre  silky  or 
waxy,  2.  Transparency  2  to  i.  Hardness  5.  Co- 
lours yellowish,  bluish,  reddish. 

Variety  3.  Compact  sulphat. — Texture  compact. 
Lustre  o  to  I.  Transparency  1  to  o.  Feels  meagre. 
Almost  constantly  impure.  Colours  light  yellow,  red, 
or  blue. 

Variety  4.  Earthy  sulphat. — In  the  form  of  coarse 
dusty  particles,  slightly  cohering.  Colour  reddish  or 
yellowish  white. 

Genus  III.    Strontian  Salts. 

This  genus  comprehends  all  the  combinations  of 
strontian  and  acids  which  form  a  part  of  the  mineral 
kingdomL 

•    5^.  I.    Carbonat  of  Strontian. 
This  mineral  was  first  discovered  in  the  lead  mine  of 


SULPHAT  OF  STRONTIAN.  5^5 

5trontIan  in  Argvleshire  :  and  since  that  time  it  is  said   penv®  "J' 
c>J  '  Species  IL 

;o  have  been  discovered,  though  not  in  great  abundance,  w-y— 
;n  other  countries.  It  is  found  amorphous,  and  also  cry- 
jtallized  in  needles,  which,  according  to  Hauy,  are  re- 
I'ular  six-sided  prisms. 

Its  texture  i«  fibrous ;  the  fibres  converge.   Fracture  Properties 
uineven.  Lustre  2.  Transparency  2.  Hardness  5.  Spe- 
cific gravity;  from  3.4  to  3.66.    Colour  light  green, 
IDoes  not  decrepitate  when  heated.    Before  the  blow- 
pipe becomes  opaque  and  white,  but  does  not  melt. 
WVith  borax  it  effervesces,  and  melts  into  a  transparent 
ccolourless  glass.    Effervesces  with  muriatic  acid,  and  is 
ttotally  dissolved.    The  solution  tinges  flame  purple, 
Sj>.  2.    Sulphat  of  strontian. 
Celestine. 

This  mineral  has  been  found  In  Pennsylvania,  in  Ger- 
imany,  in  France,  in  Sicily,  and  Britain.    It  was  first 
discovered  near  Bristol  by  Mr  Clayfield.    There  it  is 
found  in  such  abundance,  that  it  has  been  employed  in 
mending  the  roads. 

It  occurs  both  amphorous  and  crystallized.  The  propertifti 
fcrystals  are  most  commonly  bevelled  tables,  sometimes 
rrhomboidal  cubes.  Its  texture  is  foliated.  More  or 
less  transparent.  Hardness  5.  Specific  gravity  from 
.3.51  to  3.96.  Colour  most  commonly  a  fine  sky  blue; 
sometimes  reddish ;  sometimes  white,  or  nearly  colour- 
iiess  *. 

Klaproth  found  a  specimen  of  this  mineral  from  Penn-  Compwl- 
jsylvania  composed  of    58  strontian 

42  sulphuric  acid 

ICQ  f 
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According  to  the  analysis  of  Mr  Cl.iyfield,  the  sul- 
phat  of  strontian  found  near  Bristol  is  compobed  of 
58.25  strontian 

41.75  sulphuric  acid  of  2.24,  and  a  little  iron  *, 
100.00 

According  to  the  analysis  of  Vauquelin,  the  sulphat 
of  strontian  found  at  Bouvron  in  France,  which  was 
contaminated  with  .1  of  carbonat  of  lime,  is  composed 

of  ...  ,  54  strontian 

45  sulphuric  acid 

99  t 

Genus  TV.   Magnesian  Salts. 

Sp.  I.  Sulphat  of  magnesia. 
Sp.  2.  Nitrat  of  magnesia. 
These  salts  are  found  in  different  countries,  either 
sparingly  mixed  with  the  soil,  or  efflorescing  upon 
•walls,  or  dissolved  in  mineral  waters.  I  have  mentioned 
them  merely  in  compliance  with  the  custom  of  mi- 
neralogists :  for  they  ought  not,  strictly  speaking,  to  be 
ranked  among  minerals.  For  a  description  of  them,  I 
refer  to  the  First  Part  of  this  Work  |. 

Genus  V.    Aluminous  Salts. 

This  genus  comprehends  all  the  combinations  of  alu- 
mina with  acids,  which  consitute  a  part  of  the  mineral 
kingdom.    Hitherto  only  three  species  have  occurred. 
Sp.  1.  Alum. 

This  salt  is  found  in  crystals,  in  soft  masses,  in  flakes, 


5,i 


Clam  L 
Order  11. 


*  Clayfield,  Nicholson's  Jour. 
{  Sec  voL  y.  p.  267.  and  305. 
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and  invisibly  mixed  witli  the  soil.    For  a  description,  p^'^^Y; 

■*  Species  H. 

I  refer  to  Vol.  II.  p.  272.  v— y— j 
Sp.  2.    Mellite  *. 
Honeystone — Mellat  of  Alumina. 

This  mineral  was  first  observed  about  ten  years  ago 
in  Thuringia,  between  the  layers  of  wood-coal.  It  is  of 
a  honey-yellow  colour  (hence  its  name),  and  is  usually 
crystallized  in  small  octahedrons,  whose  angles  are  often 
truncated.  Lustre  2  to  3.  Transparency  considerable.  Properties 
Fracture  conchoidal.  Hardness  5.  Specific  gravity, 
according  to  Abich,  1.666.  When  heated  it  whitens  ; 
and  in  the  open  air  burns  without  being  sensibly  charred. 
A  white  matter  remains,  which  effervesces  slightly  with 
acids,  and  which  at  first  has  no  taste,  biit  at  length 
leaves  an  acid  impression  upon  the  tongue. 

Abich  shewed  that  it  is  composed  chiefly  of  alumi-  Analysis, 
na  and  an  acid  which  exhibited  some  of  the  properties 
of  the  benzoic.  This  analysis  was  repeated  by  Kla- 
proth,  who  found  the  mellite  composed  of  alumina  and 
a  peculiar  acid  to  which  he  gave  the  name  of  mellitic  a- 
cid.  Vauquelin  obtained  the  same  result,  The  melli- 
tic acid  has  several  properties  in  common  with  the  oxa- 
lic, which  induced  him  at  first  to  consider  it  as  the  same 
with  that  acid.  But  Klaproth  has  since  demonstrated 
that  it  is  different. 

The  mellitic  acid,  when  exposed  to  heat,  is  decompo-  Mellitic 
sed  very  speedily,  and  evaporates  in  a  thick  grey  smoke. 
When  distilled  it  yields  a  great  quantity  of  carbonic  a- 
cid.  It  combines  in  excess  with  potass,  and  forms  a  su- 
per-mellat,  which  has  a  slightly  acid  taste,  is  sparingly 


*  Errunerling's  Lebrbuch,  ii.  89.— Wiedeman's  Hanbuch,  p.  639. — 
Abich,  Crcll's  -IrnaL,  1797,  ii.  3.— Vauquelin,  .Inn.  dc  Cihn.  xxxvi.  23. — 
Klaproth,  Ibid,  xxxvii.  88.— Kirwan's  Mln.  ii.  68.   Karsten,  Mus,  Leek. 
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Class  r.     soluble  in  water,  and  crystallizes.    When  this  salt  i a 

Order  H.  .  ,  •' 

«■  ^(  ■■'  poured  into  a  solution  of  sulphat  of  alumina,  it  occa- 
sions a  flaky  precipitate  ;  whereas  siiper-oxalat  of  pot- 
ass occasions  none. 

Sp.  3.    Chriolite  *. 
Sulphat  of  soda-and-ulumina. 
This  mineral  has  hitherto  been  found  in  Greenland 
only ;  from  which  it  was  brought  to  Copenhagen,  where 
it  lay  eight  or  nine  years  unnoticed,  til^  at  last  it  was 
Properties,    f^alysed  by  Abelgaard.  The  primitive  form  of  its  cry- 
stals  seems  to  be  an  cctalicdron,  whose  faces  are  isosceles 
triangles.    Its  colotir  is  snow  white.   Texture  foliated. 
Hardness  inferior  to  that  of  fluat  of  lime.    Specific  gra- 
vity 2,949.    Melts  before  it  reaches  a  red  heat,  and 
when  simply  exposed  to  the  flame  of  a  candle  f .  Abel- 
gaard analysed  it,  and  obtained  fluoric  acid  and  alumi- 
na.   Klaproth  has  lately  proved  that  it  contains  also 
soda.    The  result  of  his  analysis  is  as  follows: 
Composi  ^  fluoric  acid  and  water 

36.0  soda 
23.5  alumina 


100.0 

This  analysis  has  been  confirmed  by  Vauquelin. 


•  A>m.dc  aim.  xxxvii,  87.  and  Sg.—Jour.dc  PAyj.  lii.  3J.— Hauy,  Ibid, 
x^.  462. 

\  Hence  its  nanie  from  y.gvos  and  xiSof,  as  if  it  melted  as  easily  as  icc. 
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